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FOREWORD 

This  r e p o r t  was  p r epa red  by the Mar t in  
Mar i e t t a  Corporat ion under Contract  NAS8-26448, 
"Modification of a n  As t ronau t ' s  Mock-Up 'Tool 
Kit", f o r  the  George C. Mar sha l l  Space Flight  
Cen t e r  of the  National Aeronaut ics  and Space 
Administrat ion.  The work  was admin is te red  
under the  Technical  Direction of M r s .  Anne 
Fo l s  om, Quali ty and Reliabil i ty Assu rance ;  and 
Mr .  I s s ac  Edmond, Jr. , Manufacturing Engi- 
neering.  



ABSTRACT 

This  r e p o r t  d e s c r i b e s  the  e f fo r t  accompl i shed  under' Con- 
tract NAS8-26448 i n  the  development  of a s t r o n a u t  s uppor t  equip-  
m e n t  f o r  use  on f u t u r e  miss ions  involving inflight ma in tenance  
t a s k s .  S e v e r a l  i t e m s  of non-flight h a r d w a r e  w e r e  developed 
dur ing t h i s  c o n t r a c t ,  including a n  a s t r o n a u t ' s  t o c l  k i t  and tools, 
a r e p a i r  ki t  des igned t o  seal l e a k s  in  f luid s y s t e m s ,  and  a f lu id  
r e m o v a l  tool  used  in the  r e p a i r  of f luid s y s t e m s .  A d e m o n s t r a -  
t ion  t e s t  panel  w a s  buil t  f o r  inflight ma in tenance  s imula t ion  
t e s t s  using the  above equipment.  
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I. INTRODUCTION 

The purpose of th is  con t rac t  was  t o  define, develop, a n d  
build s e v e r a l  i t ems  of prototype as t ronau t  support  equipment for 
inflight maintainable subsys tems  on future  manned orb i ta l  mis - 
s ions  of extended duration.  The p r i m a r y  i t ems  developed under 

th is  con t rac t  w e r e :  (I) an  As t ronau t  Tool Kit complete wit11 
tools  and other  support  and checkout equipment;  ( 2 )  a  method to 
r e p a i r  and s e a l  ex te rna l  leaks  in fluid s y s t e m s ;  ( 3 )  a fluid re- 
moval  concept including a fluid r emova l  tool  that  was  buil t  and  
tes ted ;  and  (4) a demons t ra t ion  t e s t  panel fabr icated f o r  the pur- 
pose of conducting an  inflight maintenance s imulat ion t e s t  using 
the above equipment.  

NASA i s  p resen t ly  planning s e v e r a l  modes  of manned 
flight that  wil l  involve up t o  12 a s t ronau t s ,  with orbi ta l  miss ions  
that  a r e  designed f o r  a durat ion of t en  y e a r s  in space.  The nea- 
l iza t ion of a ten-year  miss ion  in space  dic ta tes  a new approach  
t o  subsys t em design. In previous  and c u r r e n t  space  e f for t s ,  the 
subsys t em rel iabi l i ty  was  sa t i s f i ed  by component redundancy and 
r igorous  companent test ing.  This  approach  was  p rac t ica l  because  
of the  re la t ively  s h o r t  m i s s ion  durat ions .  F o r  v e r y  long mi s s ions ,  
the  c r e w  m u s t  be  able  t o  r e p a i r  the s y s t e m  t o  mainta in  i t s  or iginal  
integri ty.  Pn o r d e r  t o  a r r i v e  a t  a  r e p a i r  capabil i ty in space ,  
s e v e r a l  a r e a s  af technology m u s t  be sa t is f ied.  This p r o g r a m  
a t tempts  t o  answer  s o m e  of these  p rob lems;  namely as t ronau t  
tools ,  f luid l eak  r e p a i r ,  and fluid removal .  

The  objectives of th i s  con t rac t  w e r e  accomplished in 
five phases:  

1) A t a s k  t o  identify the r equ i r emen t s  and c r i t e r i a  for 
each  i t e m  of ha rdware ;  

2 )  A n  evaluation and definition of the applicable concepts ;  

3 )  A development p r o g r a m  t o  ver i fy  the concepts and to  
gain  data ;  



4)  Design rev iews  followed by  des ign of the  ha rdware ;  
and 

5 )  Fabr ica t ion  and de l ive ry  of the functional  prototype 
hardware .  

Th is  f inal  r e p o r t  d e s c r i b e s  the  w o r k  pe r fo rmed  f o r  each 
m a j o r  i t e m  of prototype ha rdware ,  toge ther  wi th  all f indings,  
da ta ,  and conclusions.  
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11. SUMMARY A N D  RECOMMENDATIONS 

A. SUMMARY 

This chap te r  provides a br ief  s u m m a r y  and descr ipt ion 
of e ach  m a j o r  unit of hardware  that  was  developed under th is  
contract .  The specific deta i ls  and supporting data may be 
found in the body of the repor t .  

1. Astronaut  Tool Kit 

One of the  p r i m a r y  objectives of th is  con t rac t  was  to  de-  
velop and build a ful l -scale  prototype tool  kit that  could be used 
fo r  space  maintenance of subsys ten l s  on future  manned orb i ta l  
miss ions;  with p r i m a r y  emphas i s  on the requ i rements  of the 
Skylab p r o g r a m ,  Space Station, and Shuttle. 

The to ta l  tool  usage concept developed dur ing th is  pro- 
g r a m  involves t h r e e  pa r t s :  (1) a cen t r a l  stowage a r e a  for tools 
(Stowage ~~~~~er), ( 2 )  t r ans f e r  of tools and s p a r e s  to the worl .  
s tat ion,  and ( 3 )  r e s t r a i n t s  and aux i l i a ry  equipment requ i red  a t  
the work: stat ion,  Hardware  was  developed for  e ach  a spec t  of 
th is  concept. 

The tool k i t  i s  designed for  stowage in a stowage l ocke r ,  
and i s  basically a cabinet  with a sl iding d r a w e r  approach  to 
tool s to rage .  The tool kit contains an integrated filled-out 
s e t  of s tandard  commerc ia l - type  tools ,  p rocedures ,  con- 
s u m a b l e ~ ,  tool  and s p a r e  pa r t s  c a r r i e r s ,  and genera l  pur-  
pose tools n e c e s s a r y  t o  p e r f o r m  f i r s t  level  maintenance t a sks ,  
The tool  kit and tools we re  designed fo r  IVA use ,  with 90 p e r -  
cen t  of the  maintenance tasks  per formed  in a sh i r t s leeve  mode,  
and 10 percen t  in a p r e s s u r i z e d  IVA space  suit .  The tool kit 
m a y  be used in e i t he r  ze ro-g ,  pa r t i a l -g  o r  a one-g environment ,  



The five d r a w e r s  of the tool  kit a r e  constrrlcted of a lu-  
m inum and a r e  s ized fo r  the  specif ic  tools a n d / o r  consun~ab le s  
located in each  d rawer .  They a r e  labeled to  indicate the general 
contents of e ach  d r a w e r ,  and the t i t l e s  we re  designed f o ~  sir-cm- 
plicity, r a t h e r  than a complete descr ip t ion  o r  l i s t  of e ach  tool 
contained in t he i r  respec t ive  d r awer .  The tool  kit is 11.34 inches 
high, 15. 90 inches wide, and 9 .6  inches deep. The to ta l  unit, 
with commerc ia l - type  tools ,  weighs approximately  37 pounds, 
Included within th is  envelope i s  a handle, located on top of the 
cabinet ,  that  i s  used fo r  t rans la t ion  and handling. 

Each  of the f i r s t  t h r ee  d r a w e r s  has a sponge rubber  r e -  
tention s y s t e m  that  has  a specific cut-out f o r  e ach  tool. This 
s e r v e s  a s  a v ibrat ion a t tenuator  during launch, provides a speci- 
f ic location fo r  e ach  tool, and each  tool  i s  read i ly  visible whem?, 
the d r a w e r  i s  opened. The cut-outs a l s o  s e r v e  the purpose of 
identifying l o s t  o r  misp laced  tools.  Because of t he i r  unusual 
s i z e  and shape,  the  equipment located in d r a w e r s  4 and 5 a r e  
r e s t r a ined  by  ve l c ro  s t r a p s .  

E a c h  d r a w e r  can  be opened by a s imple  w i r e  handle 
a t tached t o  the f ront  of e ach  d rawer .  Drawer  number four  has  
a lock device that  locks the d r a w e r  t o  the main  cabinet  t o  allowi 
removal  of the to ta l  tool  kit f r o m  the stowage locker  in ze ro-g  
conditions . 

A detent  s y s t e m  mainta ins  each  d r a w e r  in the normal ly  
c losed position by means  of a f r i c t ion  fit. In the open position 
the d r a w e r  detent  mus t  be r e l ea sed  before  the  d r awer  can be 
removed f r o m  the cabinet. This  type of positive detent  i s  r e -  
quired to prevent  a f r e e  pull of the  d r a w e r  f r o m  the cabinet ,  
and thus a l o s s  of tools and possible damage t o  other  spacec ra f t  
equipment.  The detent  mechan i sm i s  actuated by a t r igger - type  
mechan i sm located on each  s ide  of the  d r awer ,  and wi l l  allow 
removal  of the d r a w e r  with a one-handed operation. 



The tool  k i t  w a s  des igned s o  t h a t  too l s  could b e  s e l e c t e d  
f r o m  a  d r a w e r ,  p laced  in  the  tool c a r r i e r ,  and  t aken  t o  the  w o r k  
s t a t ion ;  o r  a s e l e c t e d  d r a w e r ( s )  of too l s  could  b e  t r a n s p o r t e d  t o  
the  w o r k  s t a t ion  a s  a  unit;  o r  f o r  unscheduled main tenance ,  w h e r e  
e x a c t  too l  r e q u i r e m e n t s  w e r e  unknown, t h e  a s t r o n a u t  could t a k e  
the  e n t i r e  too l  kit  t o  the  w o r k  s i t e .  

S p a r e s  wi l l  be t r a n s p o r t e d  t o  the  w o r k  s t a t ion  in  a  s p a r e s  
t r a n s l a t i o n  c a r r i e r  which  is a s i m p l e  bag-type c a r r i e r ,  v e r y  
m u c h  l ike a  shopping bag.  The s p a r e s  c a r r i e r  c a n  be t r a n s l a t e d  
b y  a  one-handed opera t ion  using the  handle ,  o r  the  a s t r o n a u t t s  
hands c a n  be  l e f t  f r e e  dur ing  t r a n s l a t i o n  by using the  shou lde r  
t e t h e r .  

The  too l  k i t  con ta ins  66  hand too l s ,  7 i t e m s  of m i s c e l l a n -  
e o u s  s u p p o ~ t  equ ipment ,  and  10 a r t i c l e s  tha t  f a l l  within the  c a t e  - 
g o r y  of consumables .  

Thin too l  list is a n  in teg ra ted  s e t  of too l s  t h a t  is l a r g e l y  
b a s e d  upon the  ma in tenance  r e q u i r e m e n t s  of the  Skylab c l u s t e r ,  
In addit ion,  the tool  list is "filled-out" above and beyond the  
e x a c t  ma in tenance  t a s k s  ant ic ipa ted  s o  t h a t  unfo reseen  cont in-  
genc ies  o r  e m e r g e n c i e s  c a n  b e  handled.  C e r t a i n  g e n e r a l  app l i -  
ca t ion  tools  & r e  a l s o  included in the  kit .  The a s t r o n a u t s  have 
r e c o m m e n d e d  tha t  the  too l s  should  b e  s t a n d a r d  c o m m e r c i a l  
tools  of the  type tha t  "we a r e  used t o  using on ear th" .  

A mock-up of a  s towage l o c k e r  c o m p a r t m e n t  was  f a b r i -  
c a t e d  s o  tha t  s towage of the tool  kit  could be demons t ra ted .  'The 
Skylab Orbi ta l  Morkshop  s towage locker  conf igura t ion  was  used 
s i n c e  i t  i s  a  typica l  e x a m p l e  of t h e  type s towage c o m p a r t m e n t  
tha t  m a y  be expected  on fu ture  o r b i t a l  s p a c e c r a f t ,  

T h e  mock-up l o c k e r  h a s  suff ic ient  de ta i l  to show the 
c l e a r a n c e s  t o  b e  expec ted  and a l s o  shows a  concep t  of a lock t h a t  
could  be used  t o  r e t a i n  the tool  k i t  i n  the  l o c k e r  in a  z e r o - g  envi ron-  
ment .  Th i s  mock-up wi l l  b e  used  t o  eva lua te  the  to ta l  tool  u s a g e  c o n -  
c e p t  u n d e r  s i m u l a t e d  z e r o - g  t e s t s  (KC-135 a i r c r a f t ) .  



2. F lu id  Remova l  Tool  

F o r  a n y  fu tu re  inflight ma in tenance  p lans  being developed 
f o r  long-dura t ion  m i s s i o n s ,  the  capabi l i ty  m u s t  e x i s t  t o  r e p a i r  
f luid s u b s y s t e m s .  B e f o r e  a fluid component  o r  s y s t e m  c a n  be 
rep laced  o r  r e p a i r e d ,  the  f luid wi th in  the  s y s t e m ,  in the  a r e a  
of the  r e p a i r  sec t ion ,  m u s t  f i r s t  be r e m o v e d  o r  contained.  
A f t e r  component  r e p l a c e m e n t ,  the  s y s t e m  m u s t  be  r e c h a r g e d  
and  bled- in  t o  r e m o v e  t r a p p e d  air. 

A s  p a r t  of th i s  c o n t r a c t ,  a  unique fluid r e m o v a l  tool  was 
conceived,  developed,  and  a proto type  fab r i ca ted .  This  fluid 
r e m o v a l  tool  p e r f o r m s  a l l  of the  opera t ions  r e q u i r e d  f o r  fluid 
s y s t e m  main tenance ;  (1) f luid r e m o v a l ,  ( 2 )  i n t e r m e d i a t e  s t o r a g e  
of the  f lu id  t h a t  w a s  r e m o v e d ,  and (3)  f luid r e f i l l  of the  system 
a f t e r  r e p a i r .  The tool  i s  hand opera ted  a n d  u s e s  the mechan ica l  
f i t t ings ,  t h a t  a r e  a  p a r t  of the  s y s t e m ,  a s  the point of fluid r e -  
moval .  

I t  is fe l t  t h a t  th i s  concep t  p rov ides  a s igni f icant  advance  
in  new technology, a n d  tha t  th i s  concep t  c a n  be  used f o r  o t h e r  
appl ica t ions .  The unique f e a t u r e s  of t h i s  tool  a r e :  

1) The tool  is s i m p l e  in des ign  wi th  inheren t ly  high 
re l i ab i l i ty ;  

2) I t r e q u i r e  s no addi t ional  i n t e r f a c e s  (power ,  fluid 
s t o r a g e  t anks ,  n i t rogen p u r g e s ,  e t c ,  ) f o r  opera t ion ;  

3 )  The p r o c e d u r e  is s t r a i g h t - f o r w a r d  and  should not 
r e q u i r e  extens ive  a s t r o n a u t  t r a in ing ;  

4) No s p e c i a l  equ ipment  o r  h a r d w a r e  is r e q u i r e d  in 
the f luid s y s t e m  a t  the  point  of f lu id  r e m o v a l  ( such  
a s  va lves ,  t e s t  p o r t s ,  d i sconnec t s ,  e t c .  ); 

5 )  The tool  c a n  be  used i n  e i t h e r  a one-g,  pa r t i a l -g , ,  
o r  z e r o - g  env i ronment ;  

6 )  It c a n  be used f o r  m o s t  non-toxic f luids.  



The fluid r emova l  tool  a s sembly  cons i s t s  of a fluid collec - 
tion c lamp,  fluid r emova l  pump, valve and hose a s sembly ,  a n d  
the flexible s t o r age  container.  The principle of operation i s  
based  upon control led leakage pas t  the s e a l  of a mechanical  
fitting, such a s  i s  found in any  maintainable sy s t em.  

The fluid collection c l amp  i s  c lamped onto the tube next 
t o  the fitting and f o r m s  a cavi ty  t o  channel the fluid into the suc  - 
tion pump. The "fitting" nut i s  loosened,  which al lows leakage 
of the fluid pas t  the  s ea l ,  between the  tubing and the fitting nut, 
and in to  the collection cavity. The  hand-operated pump provides 
the negative di f ferent ia l  p r e s s u r e  n e c e s s a r y  t o  es tab l i sh  the Peak 
and d i r ec t  the  flow of liquid f r o m  the collection cavity t o  the 
s t o r age  bag. 

Af te r  the  fluid s y s t e m  r e p a i r  i s  accomplished,  the s t o r age  
container  i s  used t o  r echa rge  the sys tem.  The flexible s to rage  
container  a l s o  a c t s  a s  a manua l  fluid pump and a l iquid/gas phase 
sepa ra to r .  The hydrophobic s c r e e n  on the s to rage  bag will  allow 
vapor  o r  a i r  to  pa s s  through the  s c r e e n  but  wi l l  not allow liquid 
t o  e scape ;  thus the s c r e e n  a c t s  a s  a vent and a phase s e p a r a t o r ,  
The flexible conta iner ,  with the  fluid in  it, c a n  be rol led up like 
a toothpaste tuba o r  slowly squeezed to  push the vapor o r  air out 
the hydrophobic e c r e e n  t o  s e p a r a t e  the ga s  f r o m  the liquid. 
After  the gas  is s epa ra t ed  out, the  container  i s  e i t he r  squeezed 
o r  rol led up, fo rc ing  the liquid back into the fluid sy s t em,  thus 
completing the  cycle. 

The pump is operated by a hand pumping act ion and has  
the capaci ty  to  displace  3 .38  cubic inches p e r  s t roke .  The bask 
pump design cans i s t s  of a c losed bellows chamber  with inlet  
and outlet check va lves ,  Al l  of the  m a t e r i a l s  in the  a s sembly  
that  in terface  with the fluid a r e  compatible with mos t  fluids. 

The  s tosage  container  is cons t ruc ted  f r o m  3 mil l  c l e a r  
teflon, s o  that  the as t ronau t  c an  s e e  the contents of the con- 
t a iner .  The container  was  s ized  fo r  1500 mi l l i l i t e r s ,  which is 
equivalent  t o  tha t  volume contained in 300 fee t  of 1/4-inch tube. 



3. Leak Seal  Repair  Kit 

The abil i ty to  r e p a i r  ex t e rna l  l eaks  in a fluid s y s t e m  is 
vi ta l  t o  the  s u c c e s s  of any  long-duration manned miss ion.  One 
of the t a sks  on th is  p r o g r a m  was  t o  es tab l i sh  a leak r e p a i r  t ech-  
nique that  a n  a s t ronau t  could use  to  r e p a i r  leaks  within a space-  
c ra f t .  

The p r i m a r y  guidelines f o r  th i s  development w e r e ;  (1) the 
technique mus t  be compatible with the  fluid and cabin a tmosphe re ,  
(2)  the operation should be si-ple, dependable, and should minE - 
mize  the requ isement  f o r  in te r faces ,  power,  e t c . ,  and ( 3 )  should 
be  adaptable to  a s  many leakage si tuations a s  possible.  Water-  
based  sys t ems  w e r e  se lec ted  for  the basel ine  fluid s ince  they 
r e p r e s e n t  approxilna.tely 80 percen t  of the fluid sy s t ems  that  
wi l l  be used on the Space Station. 

This  development p r o g r a m  consis ted of t h r ee  phases  ; 
(1) a conceptual  phase t o  identify feas ible  techniques;  (2)  an  anaiy- 
s i s  phase ,  followed by (3)  t e s t  phase.  

A to ta l  of 24  different  seal ing techniques,  and variolas 
combinations w e r e  considered.  Many w e r e  dropped f r o m  c s n s  i-  
de ra t ion  because  of obvious disadvantage s .  P r e l i m i n a r y  t e s t s  
w e r e  conducted on the remaining candidate techniques,  and a 
comprehensive  s e r i e s  of t e s t s  we re  conducted fo r  the mos t  
promising method. 

In th is  p r o g r a m  it was  concluded that  the s imp le s t  and 
m o s t  adaptable method of seal ing leaks  was  a p roces s  using 
anaerob ic  adhesive  and followed by overwraps  of tape using the 
following procedure:  

1) Apply a p r i m e r  (MIL-S-22473C1) t o  the me ta l  SUB.- 

face  ; 

2) Apply anaerob ic  adhesive  t o  the  leak a r e a ;  

3 )  W r a p  the a r e a  with self-vulcanizing si l icone tape; 



4) O v e r w r a p  with p r e s s u r e  sens i t ive  tef lon t a p e ;  

5) Allow the adhes ive  t o  c u r e  p r i o r  t o  r e s u m i n g  s y s t e m  
opera t ion  (15 minu tes  a t  r o o m  t e m p e r a t u r e ) .  

T h e  above method i s  s i m p l e ,  c a n  be  accompl i shed  by a n  
inexper ienced  p e r s o n ,  r e q u i r e s  no  s p e c i a l  t o o l s ,  and can  b e  per- 
f o r m e d  in l e s s  than f ive  minutes .  The only c o n s t r a i n t  i s  tha t  
the s y s t e m  m u s t  b e  s h u t  down and d e p r e s s u r i z e d  p r i o r  t o  sea l ing  
the leak. F o r  m o s t  s y s t e m s ,  th is  i s  n o r m a l l y  c o n s i d e r e d  t o  be 
a  s t a n d a r d  opera t ing  p r o c e d u r e  anyway.  

T h e  b e s t  t e s t  r e s u l t s  w e r e  obtained dur ing  the r e p a i r  of 
l e a k s  i n  tubes  and f i t t ings.  Although t h e  t e s t s  conducted on tanks 
and valves  w e r e  n o t  a s  s p e c t a c u l a r ,  the method shows p r o m i s e .  
The l e v e l  of e f fo r t  on th is  p h a s e  of the c o n t r a c t  was  t o  e s t a b l i s h  
a  technique  t h a t  could  be  adapted  to s p a c e c r a f t  use .  The tes t ing  
p e r f o r m e d  was  p r i m a r i l y  of a  quanti tat ive na tu re  suff ic ient  t o  
prove  the concept .  I t  i s  r e c o m m e n d e d  tha t  f u r t h e r  development  
and study be p e r f o r m e d  t o  qualify t h i s  concep t  and o t h e r s  tha t  
a r e  appl icable  t o  the technology of l e a k  r e p a i r  in space .  

4. Inflight Maintenance  Simula t ion  T e s t  

A s imula t ion  t e s t  pane l  w a s  cons t ruc ted  fo r  the p u r p o s e s  
of t e s t ing  va r ious  e l e m e n t s  of the tool  ki t ,  t he  l e a k  r e p a i r  k i t ,  
and the f luid r e m o v a l  tool. T h e  t e s t s  wi l l  be p e r f o r m e d  by NASA, 
a f t e r  the conclus ion of th is  c o n t r a c t ,  on a n  a i r  bea r ing  simuXator 
and then in  a  KC-135 a i r c r a f t  t o  s i m u l a t e  a  z e r o - g  env i ronment ,  

T h e  test: pane l  h a s  a  p r e s s u r i z e d  (75  p s i g )  w a t e r  s y s t e r n  
tha t  wi l l  b e  used  t o  t e s t  f luid r e m o v a l ,  f luid component  r e m o v a l /  
r e p l a c e m e n t ,  l e a k  r e p a i r s ,  a n d  t o  supply fluid f o r  the s u r f a c e  
t ens  ion t e s t s .  

T h e  t e s t  pane l  a l s o  conta ins  a  f a s t e n e r  t a s k  panel  with 
s e v e r a l  f a s t e n e r s  des igned to t e s t  h u m a n  p e r f o r m a n c e  in  z e r o - g ,  
t o  eva lua te  tool  opera t ion ,  and f o r  a n  evaluat ion  of common fas- 
t e n e r  des ign  in a z e r o - g  envi ronment .  The t a s k  panel  con ta ins  
s c r e w s ,  bol ts ,  and r o l l  pins tha t  range  in s i z e  f r o m  a  10-32 
s c r e w  to a  7116-inch bolt.  Tools  tha t  wi l l  be used include s o c k e t  



w r e n c h e s ,  punches ,  h a m m e r ,  s c r e w d r i v e r ,  f l a r e  nut wrench ,  
connec to r  p l i e r s ,  d i agona l s ,  a n  e l e c t r i c a l  c r imping  tool ,  and a 
to rque  wrench.  

T h e  m a j o r  t a s k s  tha t  wi l l  be p e r f o r m e d  dur ing these  t e s t s  
a r e :  

1) F l u i d  r e m o v a l  in  z e r o  g r a v i t y ;  

2 )  F l u i d  component  r e m o v a l ;  

3 )  F l u i d  component  r e p l a c e m e n t ;  

4 )  F lu id  f i l l  and b leed ;  

5 )  * L e a k  r e p a i r  of tubes and f i t t ings ;  

6) Evaluat ion  of tool  usage on the f a s t e n e r  t a s k  panel ;  

7 )  Evaluat ion  of s u r f a c e  t ens ion  ef fec ts  in  z e r o - g  f o r  
appl ica t ion  t o  s p a c e  main tenance ;  

8) Human p e r f o r m a n c e  in  z e r o - g  while pe r fo rming  
maintenance  t a s k s  ; 

9 )  An evaluat ion  of the  des ign ,  h u m a n  f a c t o r  a s p e c t s ,  
and applicat ion of the tool  ki t ,  tool  kit con ten t s ,  the 
f luid r e m o v a l  pump, and the  l e a k  s e a l  r e p a i r  ki t ,  

B. RECOMMENDATIONS 

In the p e r f o r m a n c e  of a  c o n t r a c t  in a n  a r e a  of new a n d  
i m p o r t a n t  technology,  s u c h  a s  inflight ma in tenance ,  i t  i s  incum-  
ben t  tha t  the pa r t i c ipan t s  identify those a r e a s  of technology tha t  
r e q u i r e  f u t u r e  development .  The f o r m u l a t i o n  of p r o g r a m s  s u c h  a s  
the Space Stat ion,  Shutt le ,  and o t h e r  f u t u r e  manned m i s s i o n s  de- 
pend upon t h e  p r o p e r  development  of f u t u r e  technology s o  t h a t a  
so lu t ion  to  p r o b l e m s  i s  developed on a  t imel ine  cons i s t en t  wi th  
i ts  needs .  



Space maintenance i s  of p r i m e  importance to  the fulfill- 
men t  of the  long-duration miss ion ,  and r equ i r e s  the  p rope r  
di rect ion and development to  m e e t  those  future  requ i rements .  

Seven specif ic  a r e a s  of fu tu re  technology a r e  outlined 
below. It i s  recommended that  f u r t he r  effor t  be continued in 
t he se  specif ic  a r e a s .  

1. Fluid Removal,  Containment, and Decontamination 

On this  con t rac t  a prototype of a unique concept f o r  fluid 
removal  was  developed, This concept should be c a r r i e d  fu r the r  
t o  es tab l i sh ;  (1) an  advanced des ign  beyond the prototype s tage ,  
(2 )  a n  application ana lys i s  fo r  fluids other  than wa te r ,  and ( 3 )  
fu r the r  tes t ing t o  define ope ra t ing and human fac tor  p a r a m e t e r s ,  

In addition to  the above concept,  a study and development 
p r o g r a m  should be  init iated t o  cons ider  o ther  methods of fluid 
removal ,  t r a n s f e r ,  and containment,  s ince  different  f luids and 
s y s t e m s  rnay r equ i r e  a different  approach.  F a c t o r s  such  a s  
toxicity, bac te r ia  control ,  t empe ra tu r e  l imi t s ,  and compatibil i ty 
m u s t  be considered.  

Prope l lan t s  provide an  e x t r e m e  and dif ferent  s e t  of con.- 
ditions f o r  space  maintenance.  Be t te r  methods of fluid remova.1 
and decontamination m u s t  be  developed for  the  sa fe ty  of the c rew.  

2. Leak  Preven t ion  and Repa i r  

The leve l  of effor t  on th is  con t rac t  was  t o  es tab l i sh  a tech-  
nique fo r  l eak  r e p a i r s  that  could be adapted t o  spacecra f t  use ,  
The tes t ing pe r fo rmed  was  p r i m a r i l y  of a quantitative nature  
sufficient t o  prove the concept. It i s  r ecommended  that  f u r t he r  
development of th is  technique be considered.  Tes t s  should be 
conducted on o ther  candidate spacec ra f t  f luids,  a m o r e  extensive  
compatibil i ty study should be conducted f o r  the  var ious  f luids,  
and quantitative t e s t s  should be conducted t o  de te rmine  the effects 
of leakage r a t e s ,  shape,  configuration, e tc .  



During the  development  of t h i s  l e a k  r e p a i r  technique ,  it 
w a s  r e a l i z e d  tha t  no  one method c a n  b e  a l l - encompass ing  f o r  all 
t y p e s  of l e a k s  - l a r g e  and  s m a l l ,  f o r  v a r i o u s  shaped  configura - 
t i ons ,  and  f o r  all f luids.  T h e r e f o r e ,  it is recommended  that a 
g e n e r a l  s tudy  of l e a k  r e p a i r  techniques  be p e r f o r m e d  t o  develop 
techniques  and  solu t ions  f o r  a l l  of the  l e a k s ,  s y s t e m s ,  and f luids 
t h a t  a r e  p r o g r a m m e d  f o r  Shutt le  and the  S p a c e  Stat ion.  

3. R e p a i r ,  Refurb i shment  and  Recer t i f i ca t ion  FaciliQ 

In ordeP t o  p e r f o r m  main tenance ,  checkout ,  and  r e p a i r  
of s u b s y s t e m s  in s p a c e ,  a genera l - type  r e p a i r  and recertification 
fac i l i ty  is requ i red .  This  workshop- type  fac i l i ty  would b e  used 
f o r  a l l  of the  s u b s y s t e m s  r e q u i r i n g  onboard  main tenance  s u c h  a s  
f lu id /mechan ica l ,  e l e c t r o n i c ,  communica t ions ,  opt ics ,  power ,  
and  e x p e r i m e n t s .  It is r e c o m m e n d e d  tha t  a  definition-type study 
b e  in i t ia ted  t o  define the  r e q u i r e m e n t s  and conf igura t ion  of s u c h  
a faci l i ty.  

4. Space  Maintenance  C r i t e r i a  and Guidel ines  

In o r d e r  t o  m e e t  the  m i s s i o n  r e q u i r e m e n t s  of f u t u r e  long-  
dura t ion  manned m i s s i o n s ,  s p a c e  main tenance  m u s t  become a 
compan ion  technology t o  the  d e s i g n  of s u b s y s t e m s .  S t rong  e m -  
p h a s i s  i s  r e q u i r e d  by NASA e a r l y  in  the  p r o g r a m ;  they m u s t  pro- 
vide d i rec t ion ,  and  a l s o  p lace  r e q u i r e m e n t s  on the  v a r i o u s  con- 
t r a c t o r s  t o  i n s u r e  the  p r o p e r  des ign  of mainta inable  s y s t e m s ,  

An in tegra ted  s e t  of c r i t e r i a  and guidel ines  f o r  inflight: 
ma in tenance  is r e q u i r e d  if c o m m o n  and  op t imum s u b s y s t e m  de - 
s i g n s  a r e  t o  be  expected  f r o m  among  all of the  c o n t r a c t o r s  in..- 
volved. It is r e c o m m e n d e d  t h a t  a  handbook f o r  s p a c e  main tenance  
b e  developed f i r s t  - with  a p r o g r a m  of cont inual  update: followed 
b y  a speci f ica t ion  detai l ing the  r e q u i r e m e n t s  f o r  mainta inable  
s u b s y s t e m  des ign.  



5. Commonali ty Study 

Without some  m e a s u r e  of hardware  commonal i ty  on such  
a mi s s ion  a s  Space Station,  the inflight maintenance r equ i r e -  
ments ,  tooling, r e p a i r  k i ts ,  a s t ronau t  t ra ining,  and s p a r e s  wi l l  
become impossible .  A s tudy i s  requ i red  t o  define those a r e a s  
whe re  commonali ty can be s t  be  implemented,  and to  provide de -  
ta i led  recommendat ions  on those commonal i ty  configurations 
b e s t  sui ted t o  maintenance,  s p a r e s ,  e tc .  

6. Space Maintenance Tes t  Bed 

A non-flight t e s t  bed i s  requ i red  s o  that  a design and t e s t  
p r o g r a m  can  be  conducted t o  configure,  evaluate ,  and gain test. 
data on di f ferent  configurations of maintainable subsys tems .  
The test bed should involve a l l  of the subsys t ems  requiring 
maintenance such a s  e lec t ron ic ,  f lu id/mechanical ,  exper iments ,  
e tc .  The test: bed would be a one-g s imulat ion facil i ty,  but de-  
t a i l  t e s t s  could be conducted in  neu t ra l  buoyancy and on KC-135 
a i r c r a f t .  The non-flight t e s t  bed would be the  mos t  economical  
method of obtaining physical  and human factor- type data on En- 
flight maintenance.  In addit ion t o  being a n  evaluation cen t e r ,  
the t e s t  bed and i t s  subsys t ems  could be  used f o r  t ra ining pup- 
poses .  

7. Mul t imete r  

A mul t imete r  has  been identified on th is  prlogram and 
the Skylab p r o g r a m  a s  a requ i rement  f o r  the checkout, ve r i f i -  
cation, and  faul t  detection of e l ec t r i c a l  c i rcu i t s .  The mul t i -  
m e t e r  supplied in th is  tool  kit i s  of the hand-held type and i s  ;a 

c o m m e r c i a l  unit. Flight-qualified mul t imete  r s  a r e  not p r e  - 
sent ly  available and  development of a mul t imete  r f o r  inflight 
maintenance i s  recommended.  



111. ASTRONAUT TOOL KIT 

One of the p r imary  objectives of this  con t rac t  was  t o  d e -  
velop and build a ful l -scale  prototype tool kit that  could be used 
in space  maintenance of subsys tems  for  fu tu re  manned orbital 
nl iss ions .  The Astronaut  Tool Kit  development was based upon 
the requ i rements  of the Slcylab p r o g r a m ,  Space Station,  and the 
Shutt le;  with p r i m a r y  emphas i s  on Skylab. . 

The  Astronaut  Tool Kit, F igu re  111-1, i s  a s tandard  
housing-type tool  kit  with sl ide-out d r a w e r s .  The tool kit con-  
t a ins  those  tools,  consumables ,  p rocedures ,  s p a r e  pa r t s  car- 
r i e r ,  tool  c a r r i e r s ,  and that  checkout and r e p a i r  equipment 
n e c e s s a r y  t o  p e r f o r m  f i r s t  level  inflight maintenance tasks .  
The tool  lcit i s  const ructed of a luminum and i s  11.34 inches  high, 
15.90 inches  wide, and 9.6 inches  deep. The to ta l  unit, with 
c ommerc ia l - type  tools ,  weighs approximately  37 pounds, 

The total  tool usage concept involves th ree  par t s :  (1) 
a cen t r a l  stowage a r e a  fo r  tools (stowage locker ) ,  ( 2 )  t r ans -  
f e r  of tools and s p a r e s  to the work  stat ion,  and (3)  r e s t r a i n t s  
and aux i l i a ry  equipment requ i red  a t  the work  stat ion.  The tool 
kit  was  designed s o  that  i t  could be s t o r ed  in  a locker  s i m i l a r  
to the Skylab Orbi ta l  Workshop stowage loclcer dur ing launch 
and when not in use.  Thus, the tools and equipment needed f o r  
inflight maintenance would be located in one convenient locatidc~n. 
As  p a r t  of this  contract ,  a mock-up of one stowage loclier c a m -  
par tment ,  F igu re  111-2, w a s  fabr icated s o  that  stowage of tile 
tool ki t  could be demons t ra ted .  The mock-up locker  has  suffi- 
c ient  deta i l  to show the c l ea r ances  to be expected and a l s o  shows 
a concept of a lock that  could be used  to r e t a in  the tool kit  in the 
locker  in a z e r o - g  environment.  This mocli-up can be used to 
evaluate  the to ta l  tool usage concept under s imulated ze ro -g  
t e s t s  (KC-135 a i r c r a f t ) .  
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The tool  kit  was  designed s o  that  tools could be se lec ted  
f r o m  a d rawer ,  placed in  the  tool  c a r r i e r ,  F igure  111-3, and 
taken  t o  the  work  s ta t ion;  o r  a se lected d r a w e r ( s )  of tools could 
be t ranspor ted  t o  the work  stat ion a s  a unit; o r  fo r  unscheduled 
maintenance,  w h e r e  exac t  tool  requ i rements  w e r e  unknown, the 
as t ronau t  could take the en t i re  tool  kit t o  the  work  s i t e ,  Spares 
wil l  be t r anspo r t ed  t o  the  work  s ta t ion in a s p a r e s  t rans la t ion  
c a r r i e r ,  F igu re  111-4, which is a s imple  bag-type c a r r i e r ,  very 
much l ike a shopping bag. The s p a r e s  c a r r i e r  can  be t r a n s  - 
l a ted  by  a one-handed operat ion using the  handle; o r  the  as tkonaut ' s  
hands can  be left f r e e  during t rans la t ion  by using .the shoulder  tether, 

Var ious  a r t i c l e s  of equipment a r e  provided in the  tool  
k i t  f o r  use a t  the  work  s ta t ion,  and include procedures ,  a z e r o - g  
r e s t r a i n t  fo r  the  tool  kit,  a vacuum mount vise ,  and other  equip- 
ment.  

A. TOOL KIT BASELINE AND GUIDELINES 

The design of the tool  kit was  d i r ec t ed  by s e v e r a l  guide- 
l ines  and included the following s o u r c e s  : 

1) Con t r ac t  s t a tement  of w o r k  and init ial  p r o g r a m  
guidelines ; 

2 )  Review of concepts,  and  subsequent recommendat ions  
by As t ronau ts  Wil l iam B. Lenoir  and Donald L. Lind;  

3 )  Meetings with c r e w  s y s t e m s  t e s t  sub jec t s ;  

4 )  Review of s imulat ion t e s t  f i lms ,  data ,  and effor t  
pe r fo rmed  under Contract  NAS8 -24296, "Por table  
Astronaut  Tea t  Kit"; 

5 )  Skylab c r e w  m e m b e r  recommendat ions  during C r e w  
S y s t e m  Reviews. 
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F i g u r e  111-3 Tool  C a r r i e r  

F i g u r e  111-4 S p a r e s  T r a n s l a t i o n  C a r r i e r  



1. Tool Kit Development Guidelines 

At the  beginning of th i s  p rog ram,  a review was  condeacted 
with the  NASA Technical  Moni tors  t o  es tab l i sh  guidelines and 
give di rect ion t o  the  development of the  tool  kit. The following 
guidelines a r e  the r e su l t  of th is  review; they a l s o  contain sorlie 
cons t ra in t s  that  w e r e  ex t rac ted  f r o m  the  con t rac t  s t a te  rnent of 
work:  

1) The tool kit configuration sha l l  be d i rec ted  towards  
the potential inflight maintenance requ i rements  t h u s  
f a r  identified f o r  the Skylab p r o g r a m ,  Space Sta t iong 
and Shuttle; with p r i m a r y  emphas i s  on the Sky lab  
requ i rements ;  

2 )  The con t rac tor  wil l  use exist ing ana lys i s  data d e -  
veloped on Cont rac t  NAS8-24296, and f r o m  the  
Skylab, Space Station and Shuttle p rograms;  r a t h e r  
than performing spec ia l  ana lyses ,  t o  es tab l i sh  t oo l -  
ing requ i rements ;  

3 )  Assume  availabil i ty and use  of maintenance-support  
equipment identified on the Skylab A Stowage List 
(e. g., portable floodlights, a s t ronau t  foot res t ra . in ts ,  
and handholds) t o  supplement  the  tool  kit  capabil i ty;  

4) Emphas i s  wil l  b e  placed upon tools  of a genera l -use  
capabil i ty,  r a t h e r  than spec ia l ,  one - t ime,  o r  speci-  
f i c  subsys t em use types ;  

5 )  Assume  the use  of the tool  kit i n a n I V A - o n l y  envi-- 
ronment ,  with 9070 of maintenance operations per- 
fo rmed  in sh i r t s leeve  and 10% in a p r e s s u ~ i z e d  I"JA 
space  su i t ;  

6 )  The mock-up tool  kit  sha l l  be developed f o r  zero- 
grav i ty  use  and demonstra t ion ( r a the r  than one-gra-  
v i ty  ); 



7 )  Tool kit  packaging a s  developed fo r  spacecra f t  t r a n s -  
lation shal l :  

a ,  allow passage through min imum a p e r t u r e s ,  
hatchways,  a i r l ocks ,  e tc .  , of a typical  space -  
c r a f t  sy s t em;  

b ,  r equ i r e  t rans la t ion  s e r v i c e s  of no m o r e  than 
one as t ronau t :  

c, leave the a s t ronau t ' s  hands f r e e ,  if poss ible ,  
wi th  one hand f r e e  at all t i m e s ;  

8) Tools should be  a s  n e a r  flight configuration a s  
poss ible ;  however,  development emphas i s  sha l l  be 
placed upon the tool  kit packaging and development 
r a t h e r  than individual tool design; 

93 Wherever  poss ible ,  tools  and tool  kits  should be 
constructed of f l ight-compatible m a t e r i a l s ;  

10) The tool Lit sha l l  be p r imar i l y  developed for  p e r -  
fo rmance  of fir s t - level  maintenance involving 
r emova l / r ep l acemen t ,  and l imi ted in-place r e -  
pai r .  

11) Miscel laneous  handtools g r  oundrules : 

a. open-end wrenches  a r e  not de s i r ed ;  box-end 
wrenches ,  f l a r e  nut wrenches ,  o r  ratcheting 
box wrenches  a r e  p r e f e r r ed ;  

b, backup o r  s p a r e  tools m a y  be n e c e s s a r y  to  
support  l o s s  o r  accidenta l  damage of high-use 
tools ; 

c. consider  incorporat ion of " shor t - se t "  groups  
of tools t o  "fill out" tool  kit  complement ,  e spe -  
c ia l ly  whe re  addit ional  s i z e s  of tools would be 
useful  t o  cope with unforeseen contingencies;  



12) During mock-up development,  considerat ions  sha l l  
be given t o  demonstra t ion and t e s t  r e su l t s ,  and 
review comments  re la t ive  t o  the Por tab le  As t r o -  
naut 's  Tes t  Kit del ivered under Contract  NAS8-2 4296; 

13) A suitable vers ion  of a por table ,  handhelcl-size 
vol t -ohm-Mil l imeter  wil l  be incorporated that is 
functional, and es tab l i shes  potential  downstreanal 
uses  of such equipment fo r  Space Station second 
and th i rd  levels  of maintenance;  

14) Miscel laneous  tool  kit  g ~ o u n d r u l e s  : 

a. The tool kit  and i t s  to ta l  contents shal l  not e x c e e d  60 
pounds and sha l l  be s ized  to  f i t  into a Slcylab I s t o w a g e  
locker ;  

be  Tool kit design will  emphas ize  s impl ic i ty ,  ease 
of operation and t rans la t ion ,  safety,  min imum 
r e p a i r  t ime ,  and mul t i  use ;  

c.  The a s sembled  kit wi l l  have the capabil i ty for 
te ther ing and a t tachment ;  

d, Latches ,  connectors  a n d / o r  f a s t ene r s  wi l l  be 
ea s i l y  operated under p r e s  sure -su i ted  condi- 
tions. 
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2, C r e w  Sys t ems  Recommendations 

Two of the m o s t  important  c r i t e r i a  in the design of the 
tool  k i t  w e r e :  (1) s impl ic i ty  in design,  and (2)  considerat ion of 
c r e w  s y s t e m s  engineer ing aspec t s .  In o rde r  to  gain f i rs t -hand 
data  on the  l a t t e r  of the two c r i t e r i a ,  meet ings  w e r e  conducted 
f i r s t  with c r ew  s y s t e m s  t e s t  subjects ,  and then  with two m e m -  
b e r s  of the  Skylab as t ronau t  crew.  Data was  a l s o  received 
f r o m  the Skylab Crew Sys t ems  Review- 

A review of the  tool  kit concepts was  conducted on Oc- 
tober  14, 1970 with a s t ronau t s  Dr. Wil l iam B. Lenoir  and Dr ,  
Donald L. Lind, The main  comments  received during th i s  
meeting w e r e  a s  follows: 

1) The gene ra l  approach of c en t r a l  tool  stowage in 
the  OWS locker ,  t r ans la t ion  with a wa i s t  tool  c a r -  
r i e r ,  a n  in-place  maintenance with wais t -  or-thigh- 
mounted tool  c a r r i e r s  a p p e a r s  sa t i s fac tory ;  

2 )  The s l id ing-drawer  approach  i s  sa t i s fac tory ;  

3 )  In addit ion t o  taking tools t o  the  w o r k  s i t e  in the 
tool  c a r r i e r ,  the  capabil i ty should ex i s t  t o  take 
the  en t i re  tool  kit,  o r  any  o r  all of the d r a w e r s  if 
des i red ,  fo r  use  d u ~ i n g  emergenc i e s  when exac t  
tool  requ i rements  a r e  not known; 

4) It m a y  be advisable  t o  have a number  of s m a l l e r  
tool  k i ts  in  the Command Module, Multiple Docking 
Adapter ,  and the  Orbi ta l  Workshop. Packaging fo r  
t ransla t ion would be  simplif ied,  s i m p l e r  f o r m s  s f  
s t o r age  packaging would be requ i red ,  and tool  k i ts  
would be t a i lo red  fo r  jobs within t h e i r  "region"; 
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5 )  A r e s t r a i n t  device should be  provided t o  r e s t r a i n  
the tool  kit,  o r  individual d r a w e r s ,  a t  the work  site; 

6 )  An integrated tool  l i s t  i s  requ i red ,  r a the r  than only 
tools suited t o  par t i cu la r  and known maintenance 
t a sks .  The tool  k i t  should be a complete filled-out 
tool  s e t  f o r  poss ible  contingencies. Specific tools 
reques ted  w e r e  a h a m m e r ,  punch, v ise  g r ip s ,  c r e s -  
cent  wrench ,  diagonal cutting p l i e r s ,  n ~ e c h a n i c a l  
f ingers ,  and a hex head ra tche t  with 15 degree  r o t a  - 
tion; 

7 )  The tools should be  exposed t o  view when the d r a w e r s  
a r e  opened. The sponge retention s y s t e m  a l s o  ern-. 
phasizes  the  p roper  location f o r  each  tool, and 
whether  o r  not a tool  i s  miss ing ;  

8 )  Nomenclature  should be s imple  and s t ra igh t forward ,  
Tool labels  should be descr ipt ive  a s  to kind and size 
r a t h e r  than a coded ident i f ier ;  

9 )  The tool  kit should contain s tandard ,  cornrnerciaii.ly 
available tools.  Specia l  des ign tools should be 
avoided if poss ible  ; 

10) A s p a r e  p a r t s  c a r r i e r  should be  included s o  that  
s p a r e s  m a y  be t r ans l a t ed  t o  the  worlc s i t e ,  The 
"shopping bag" approach  i s  suitable.  

B. TOOL KIT DESIGN 

The As t ronau t  Tool K i t  i s  des igned for  stowage in a 
stowage locker ,  and i s  basically a cabinet  with a sl iding 
d r a w e r  approach  to tool s torage.  The tool k i t  contains 
a n  in tegrated full  s e t  of s tandard  commerc ia l - type  tools ,  p ro -  
cedures ,  consumables ,  tool  and s p a r e  p a r t s  c a r r i e r s ,  and 
genera l -purpose  tools such  a s  the bench wise and mul t i rneter ,  
Simplici ty in des ign and operation w e r e  underl ined a s  the chief 
?*equirernents f o r  the design of t h i s  tool  kit. 



Although this  con t rac t  called fo r  the  de l ivery  of 
hardware ,  e v e r y  effor t  was  made to  de l iver  hardware  that  wars 

a s  c lose  t o  flight-type ha rdware  as was possible within the bud- 
ge t a ry  l imi t s  of the  contract .  When poss ible ,  the  ma te r i a l s  
used w e r e  of the  type tha t  could b e  o r  a r e  qualified fo r  space-  
c r a f t  use. In e v e r y  c a s e  t he  design i s  such  that  space  compat-  
ible m a t e r i a l s  could be substi tuted without affecting function or 
per formance .  F o r  ins tance,  the sponge rubber  retention s y s t e m  
in  the tool  kit  d r a w e r s  i s  fabr icated f r o m  a sponge rubber  cal led 
Armaflex.  Although Armaf lex  i s  not compatible,  it has  the same 
appearance ,  co lor ,  consistency,  and du rome te r  a s  Mosite,  which 
i s  compatible. 

The tool  k i t  cabinet  is  const ructed of aluminrun and is 
n e a r  flight weight. The cabinet  and d r a w e r s  w e r e  designed f o r  
z e r  o-g operation r a t h e r  than f o r  one-g demonstra t ion o r  t r a i n -  
ing, The outside dimensions  a r e  10, 84 inches high, 15. 90 inches 
wide,  and 3 .6  inches deep. A handle i s  located on top of the 
cabinet  f o r  t rans la t ion  and handling, which r a i s e s  the  to ta l  height 
envelope t o  approximately  11.34 inches ,  The handle i s  f r ic t ion 
loaded s o  that  i d  wil l  r ema in  in the "down" position when stowed 
in  the s to rage  locker ,  

The five d r a w e r s  a r e  cons t ruc ted  of a luminum and a r e  
s i zed  fo r  the  specif ic  tools a n d / o r  consumables  located in each  
d rawer .  They a r e  labeled t o  indicate the  gene ra l  contents of 
e ach  d rawer ,  and the t i t les  w e r e  designed fo r  s impl ic i ty ,  rather 
than a complete descr ipt ion o r  l i s t  of e ach  tool  contained in t he i r  
respec t ive  d r a w e r ,  The t i t l e s  f o r  e ach  d r a w e r  a r e :  

2 )  SOCKET WRENCHES 

3 )  PLIERS 

TOOL CARRLE:R/SPECLBL TOOLS 



Each  of the f i r s t  t h r ee  d r a w e r s  has  a sponge rubber  
retention s y s t e m  that  has  a specific cut-out f o r  each  tool. This 
s e r v e s  a s  a vibration a t tenuator  during launch, provides a speci- 
f ic location fo r  e ach  tool, and each  tool  i s  read i ly  visible when 
the d r a w e r  i s  opened, The cut-outs a l s o  s e r v e  the purpose of 
identifying los t  o r  misplaced tools.  Because of the i r  unusual 
s i z e  and shape,  the  equipment located in d r a w e r s  4 and 5 a r e  
r e s t r a ined  by ve l c ro  s t r a p s .  Nomenclature i s  used to  identify 
the tool  s i z e s ,  for  such tools a s  sockets .  

Each  d r a w e r  i s  opened by exer t ing a pulling fo rce  on a 
s imple  w i r e  handle a t tached t o  the  f ron t  of e ach  d rawer ,  Dra.wer 
number  four  has  a lock device that  locks  the d r awer  to the m a i n  
cabinet  t o  allow  emo oval of the to ta l  tool  kit f r o m  the stowage 
locker  in ze ro-g  conditions. Removal can be  eas i ly  acconlpl  i s h e d  
by locking d r a w e r  number  four ,  and pulling on the d r awer  ha l ad l ee ,  

A detent  s y s t e m  maintains each  d r a w e r  in the normaEly 
c losed position by means  of a f r ic t ion fi t ,  In the open position 
the d r a w e r  detent  mus t  be r e l ea sed  before  the  d r awer  can be 
removed from. the cabinet, This type of positive detent  i s  r e -  
qu i red  to  prevent  a f r e e  pull of the  d r a w e r  f r o m  the cabinet ,  
and thus a l o s s  of tools and possible damage t o  other spacecra f t  
equipment.  The detent  mechan i sm i s  actuated by a tr iggey-type 
pull, that  pulls a s imple  di rect -act ing c a m  that  in t u rn  l if ts  the 
detent  f r o m  the s lo t s  in the tool  kit cabinet. A " t r igger"  mech-  
a n i s m  i s  located on each  s ide  of the d r awer ,  and will allow y e -  

rnoval of the d r a w e r  with a one-handed operation,  which i s  
n e c e s s a r y  f o r  ze ro-g  operation,  

STOWAGE LOCKER 

A mock-up of a s tandard  stowage locker ,  s i m i l a r  to  the 
l ocke r s  proposed for  u se  on Skylab, was  fabr icated to demon- 
s t r a t e  stowage of the tool hit. The locker  wi l l  a l s o  s e r v e  as  a 
t e s t  a r t i c l e  dur ing the ze ro-g  s imulat ion t e s t s  to evaluate c l ea r  - 
ances  and f i t  between the tool  liit and the locker ,  



The mock-up locker  h a s  the s a m e  in te rna l  dinlensions 
a s  the Skylab OWS stowage Locl.er, and a l s o  ut i l izes  duplicate 
hardware  fo r  the  door  lock, 

A retention lock,  F igu re  111-5, r e s t r a i n s  the tool  kit 
cabinet  within the locker  while the  d r a w e r s  a r e  being pulled out 
o r  removed,  This lock is n e c e s s a r y  s ince  f r ic t ion fo r ce s  are 
absen t  in a ze ro-g  environment.  The tool  kit can  be  ea s i l y  ~ e -  
moved f r o m  the loclcer by p r e s s ing  up on the retention lock lever, 
Since the lock i s  a s imple  di rect -act ing l eve r ,  the  lock could be 
ea s i l y  pr ied open in the event of a n  unforeseen fa i lu re .  

D. TOOL KIT CONTEN'TS 

The As t ronau t  Tool Kit contains 66 hand tools ,  7 i t ems  
of misce l laneous  support  equipment,  and  10 a r t i c l e s  that  f a l l  
within the categ arey of eons  umables.  The tool  l i s t  i s  included 
a s  Table 111-1, and the consumables  a r e  l i s t ed  in Table 111-2. 

This  tool l i s t  i s  a n  in tegrated s e t  of tools that  i s  lasrgely 
based  upon the maintenance r equ i r emen t s  of the Skylab c lu s t e r ,  
In addition, the tool  l i s t  i s  "filled-out" above and beyond the 
exac t  maintenance t a sks  anticipated s o  that  unforeseen contin- 
gencies  o r  emergenc i e s  can  be  handled, Cer ta in  gene ra l  appPH- 
cation tools a r e  a l s o  included in  the kit. 

During the in i t ia l  concept reviews and l a t e r  during the 
Grew Sys t ems  Reviews,  the  a s t ronau t s  recommended that  the  
tools should be s tandard  c o m m e r c i a l  tools  of the type that  "we 
are used t o  using on ear th" .  Although they init ial ly reques ted  
a t e t h e r  a t t achment  on each  tool, they l a t e r  r e v e r s e d  th is  re -  
quest .  They did s t a t e  that  they did not want mul t ip le-use  -type 
tools.  They a l s o  requested that  e ach  tool  that  is s i ze  or iented,  
such  a s  a socket ,  should be  label led with s imple  and s t ra igh t -  
f o rward  nomenclature ,  r a t h e r  than a coded identif ies.  





Considera t ion was  given t o  r equ i r emen t s  f o r  redundancy 
of high usage tools  and  t o  t h e  env i ronmenta l  conditions in which 
the  tools  a r e  t o  be used, Redundancy was  accornp l i s l~ed  i n  some 
c a s e s  by supplying socke t s  of the s a m e  s i z e  in varying lengths ,  
No spec i a l  modificat ions t o  tools w e r e  cons idered  neces  sarpr for 
envi ronmenta l  conditioning other  than spec i a l  ma t e  rials fo r  a 
low sparking haza rd ,  Ini t ial ly t h e r e  w a s  a requi~emen.8:  on the 
Skylab p r o g r a m  f o r  non-sparking tools ;  but  th i s  was  l a t e r  dropped, 
In th i s  too l  ki t ,  the tools  t ha t  a r e  m o s t  ap t  t o  genexhate sparko, 
such  a s  the  h a m m e r  and punch, wepe fabr ica ted  f r o m  a non-spark- 
Ing ma te r i a l ,  

In addition to the hand tools  ~ e q u i r e d  for  inflight n ~ a i n -  
tenance,  c e r t a i n  tools and /o r  specia l ized r e p a i ~  Itits a r e  r e -  
qu i red  fo r  a fu l l  spacec r a f t  maintenance capabil i ty,  G e n e r a B I y ,  
t h e se  r e p a i r  ki ts  a r e  of cons iderab le  volume and should be 
stowed d i r ec t l y  in a stowage locker ,  r a t h e r  than in a tool kk:, 
I t  i s  r ecommended ,  however,  that  a l l  of the tools and repai l*  
ki ts  used fo r  inflight maintenance be s towed in ad jacen t  l ocke r s ,  
o r  in  one c e n t r a l  a r e a ,  

The  r equ i r emen t s  of th is  con t rac t  w e r e  t o  develop to01 
packaging and  tool  kit concep ts ,  r a t h e r  than t o  p lace  emphas i s  
on the specif ic des ign of tools. In addit ion,  the Skylab tool  s*e- 

qu i r emen t s  w e r e  used a s  t he  pr ima,ry  s o u r c e  fo r  se lec t ion  of 
a  tool  l i s t .  The maintenance r equ i r emen t s  on this p r o g r a m  were 
in i t ia ted  a f t e r  the equipment  was  des igned,  and hence,  not a 19. 
of the tools a r e  of the type that  a r e  recommended  fo r  fu ture  
inflight maintenance.  In general . ,  we do  not recornmend the u s e  
of conventional s c r e w d r i v e r s  s i nce  the bolt  heads  a r e  eas i ly  
damaged,  a n d  a l s o  p lacement  and rota t ion in a zero-g envircrn3- 
m e n t  i s  difficult.  The use of phillips bead s c r e w d r i v e r s  is dLe- 
f ini tely no t  pecommended.  

Socket  head c a p  scyews  appea r  t o  be we l l  suited f o r  
ze ro-g  use ,  but hexagon bi ts  below l / 8  inch a r e  not r e co rn~nended  
because  of s t r ipping in the  socket  o r  on the  flanlcs of the hex bit, 
In gene ra l ,  3 / 1 4  inch or  la-s~ger hexagons a r e  p r e f e r r e d ,  



A speed handle I s  r equ i r ed  f o r  ze ro-g  use ,  but a s tandard  
type speed  handle does not appea r  t o  be wel l  suited to  ze ro-g  
operation because  of the  requ i rement  f o r  a two-handed operation,  
A manua l  "fly-ball" iner t ia- type tool  a s  was  developed b y  the 
Manufacturing Engineering Labora tory ,  NASA -MSFC, appea r s  
t o  fulfill  the requ i rement .  

Two philosophies ex i s t  on the s iz ing of torque wrenches ,  
One i s  that  torque .wrenches a r e  only r equ i r ed  t o  p ro tec t  the  
equipment,  and in th is  c a se  the  torque wrench  i s  s i zed  (5-50 
inch-pounds) s o  tha t  t h e  torque applied to  s m a l l  f a s t ene r s  i s  
l imited.  The other  considerat ion i s  that  the  torque wrench  
should be s ized  (5 -150 inch-pounds) t o  handle all to rques  spec i -  
f ied f o r  t he  equipment being repa i red .  The 5-150 inch-pound 
torque wrench  was  se lec ted  f o r  th i s  tool  kit. 

Double end, f l a r e  nut wrenches  w e r e  se lected because  
they have the advantages of a box end wrench  a s  f a r  a s  p lace-  
men t  and f a s t ene r  r e s t r a i n t  In zero-g,  and a l s o  the  f l a r e  nut 
wrench  i s  idea l  f o r  the  r emova l  of f i t t ings in a fluid sy s t em.  
The double-ended wrench  provides  the requ i red  hex s i z e s  with 
half the  number  of tools and accompanying weight. 

In gene ra l  it a p p e a r s  t ha t  m o r e  r e s e a r c h ,  design,  and 
ze ro-g  tes t ing is r equ i r ed  on the  subject  of f a s t ene r s  and tools 
f o r  ze ro-g  use ,  A g r e a t  dea l  of the  exist ing knowledge on 
common f a s t ene r s  should he  adaptable t o  such  a p rogram.  

The  c r e s c e n t  wrench  w a s  included as a genera l -purpose  
type tool. So  w e r e  the  hammer , ,  p l i e r s ,  v i se  g r ip s ,  f lex  g r ip - i t  
tool, tape  m e a s u r e ,  inspection m i r r o r ,  and bench vise.  The 
too l  s e t  was  "filled out" beyond the  Skylab requ i rements  in the 
a r e a s  of sockets ,  f l a r e  nut wr~enches ,  and p l ie r s .  

The vacuum base  bench v i se  provides  an a t t rac t ive  a t tachment  
device  fo r  ze ro-g  use  s ince  it only r e q u i r e s  a semi- f la t  mount-  
ing sur face .  Other methods of mounting a bench v i se  genera l ly  
r equ i r e  a mounting edge o r  holes that  a r e  specific in na ture ,  
w h e r e a s  the  vacuum b a s e  I s  m o r e  adaptable.  



The mul t imete r  i s  a genera l -purpose  tool used f o r  f au l t  
detection and ver i f ica t ion of e l ec t r i c a l  c i rcu i t s .  The mulitimeter 
supplied in th is  tool  kit i s  of the  hand-held type and i s  a c o m m e r -  
c i a l  unit, Flight-qualif ied mu l t ime te r s  a r e  not p resen t ly  ava i l -  
able  and development of a mu l t ime te r  f o r  inflight maintenance 
i s  recommended,  

The  s p a r e s  t rans la t ion  c a r r i e r  i s  used t o  t r ans l a t e  
s p a r e s  f r o m  the  stowage locker  t o  t he  fai led subsys tem,  and 
then f o r  r e t u r n  of the  fai led i tem. T t  m a y  a l s o  be  used t o  t p a n s -  

por t  o ther  commodit ies ,  r e p a i r  k i t s ,  d r a w e r s  of tools,  ete, 
The s p a r e s  c a r r i e r ,  F igu re  111-4, i s  a v e r y  s imple  design,  
s i m i l a r  t o  a shopping bag, It i s  const ructed f r o m  Beta cEath, 
and i s  approximately  24" x 20" x 3". A ve lc ro  zippel. is loc;~.~;ed 
a t  the top edge and provides  a s imp le  c lo su re  to r e s t r a i n  objects  
within the c a r r i e r .  The c a r r i e r  can  be t rans la ted  by a one-handed 
operat ion uti l izing the c a r r i  e r  handles,  o r  by a shoulder  t e ther  
which i s  included in  the tool  kit. The te ther  h a s  gu ick- re lease  
parachute- type f a s t ene r s  that  a t t a ch  to  D-r ings  locatecl on the 
s p a r e s  c a r r i e r .  

The tool  c a r p i e r ,  F igu re  111-3, i s  designed t o  c a r r y  
tools f r o m  the  tool  kit,  located in the  stowage locker ,  t o  the 
work  s i te .  Two s e t s  of tool  c a r r i e r s  m a y  be worn  on the wais t ,  
o r  one s e t  m a y  be thigh-mounted, depending upon the as t rona ,u tEs  
p re fe rence ,  The wa i s t  and thigh be l t s  a r e  const ructed f r o m  
ve l c ro  pile,  whe rea s  ve l c ro  hook i s  bonded t o  the  backs  of the 
too l  c a r r i e r s ,  This  al lows the  as t ronau t  t o  posit ion the  tools 
any-where on his  wais t ,  and to ea s i l y  a t t ach  o r  remove  the 
c a r r i e r s  f r o m  the belt ,  Each  a s sembly  cons i s t s  of tlnree cases 
tha t  a r e  hinged, thus allowing fo r  conformity  t o  the wais t ,  or 
the  thigh, 



The unique fea ture  of the  tool  c a r r i e r  design i s  the  
"fingers" that  a r e  bonded in e a c h  of the  c a s e s ,  These  "fingers" 
al low e a s y  placement  of the tool  in  the  c a s e  and yet  r e s t r a i n s  
the tool  even  with minus-g loading. The ma in  fea ture  is that  
the r e s t r a i n t  i s  universal ,  and the  a s t ronau t  does not have t o  
place  the  tool  in  a prede te rmined  s lot ,  look a t  the  tool, o r  work  
any  type of t e t he r  a r r angemen t ,  e tc ,  Tools m a y  b e  inse r ted  in-  
t o  the c a s e s  e i t he r  f r o m  the t op  o r  the bottom. Sockets and 
l a r g e r  tools such  a s  h a m m e r s  and c r e s c e n t  wrenches  can  be  
hung on t he  spr ing  c l ips  located on the f ron t  s ide  cf the  c a s e s ,  

The p a r t s  c a r r i e ~ ,  F igu re  111-6, i s  a "pocket-like" 
a r r a n g e m e n t  that  is a t tached t o  the  spr ing  cl ips on the tool  
c a r r i e r  and i s  lased t o  bold f a s t e n e r s ,  s m a l l  pa r t s ,  etc. , while 
per forming  a r e p a i r  a t  the  work  s i t e ,  A "pocket"-type concept 
was  se lec ted  over  other  concepts because  a l a r g e  quantity of 
f a s t ene r s  m u s t  be re ta ined upon ini t ia l  activation of the  c l u s t e r  
and again  f o r  activation of the  exper iments ,  The top  edge of the  
p a r t s  c a r r i e r  has  a n  e l a s t i c  band t o  r e s t r a i n  the p a r t s  in ze ro -g ,  





TOOL DESCRIPTION 

Table EII-1 Tools and Equipment TOTAL 
ESTIrnTED 
WEIGFfT AND 

QUANTIlY V0LuP.E .- 

Sockets  and Drfves 

Socket ,  Deep, 
318-in, Double Hexagon 
318-in, Square Drive 

Socket ,  Deep 
7116-in. Double Hexagon 
318-in, Square Drive 

Socket , Deep, 
1 /2- in ,  Double Rexagon 
318 i n ,  Square Drive 

Socket ,  Deep, 
9/16-in,  Double Hexagon 
3/8- in,  Square Drive 

Socket ,  Standard 
1/4-in.  Double Square 
318-in,  Square Drive 

Socket ,  Standard 
318-ln, Double Hexagon 
318-in,  Square Drive 

Socket,  Standard 
7116-in, Double Hexagon 
318-in0 Square Drive 

Socket ,  Standard 
%/2-in.  Double Hexagon 
3/8- in ,  Square Drive 

Socket ,  Standard 
9/16-in, Double Hexagon 
318-in, Square Drive 

Socket ,  Standard 
5/8- in,  Double Hexagon 
318-in Square Drive 

1-8 oz,  
3,5 cu, i n ,  

2 - 2  02, 
3 , s  cue i n ,  

1-8 oz, 
1-0 cu, i n ,  



T a b l e  111-1 Too l s  a n d  E q u i p m e n t  (Cont inued)  

TOTAL 
ESTIMATED 

TOOL DESCRIPTION 

Socket ,  Standard 1 
11/16-in,  Double Hsxagon 
3/8-in.  Square Drive 

Screw Dr ive r  B i t  
Square Head, 5/32-in,  
Shank Length, 2-in. 
3/8-in.  Square Drive 

Screw Dr iver  B i t ,  S td .  Tip 1 
Blade 3/8-in,  by 1116-in. 
Length, 3-1/2=in, 
3/8-in.  Square Drive 

Screw Dr iver  B i t  
Hexagon, 1116-in 
Shank Length, 1 - in .  
3/8-in. Square Drive 

Screw Dr iver  B i t  
Hexagon, 5164-in. 
Shank Length, I - in .  
3/8-in.  Square Drive 

Screw Dr iver  B i t  
Hexagon, 3132-in, 
Shank Length, 1 - in ,  
3/8- in.  Square Drive 

Screw Dr iver  B i t  
Hexagon, 1/8 - ~ n .  
Shank Length, 1 - in ,  
31'8-in. Square Drive 

Screw Dr iver  B i t  
Hexagon, 5/32-in, 
Shank Length, 1 - in ,  
3/8- in,  Square Drive 

2.0 0 2 ,  

1.55 c u ,  i n .  

1 1.3 oz. 
1.55 cue i n ,  

1.3 oz. 
1.55 cu. f-n, 

E 1 - 3  oz ,  
1.5 eu. i n ,  

1.3 oz. 
1,0 cu. i n ,  

1,3 0 2 ,  

1 , O  cu. fin, 



Table 111-1 Tools and Equipment (6 ontinued) 

TOOL DESCRIPTION 

Screw Dr iver  B i t  
Hexagon, 3/14-in,  
Shank Length ,  1-fn.  
318-in,  Square Drive 

Screw Dr iver  Bf t 
Rexagon, 1/4- in.  
Shank Length,  1- in.  
318-in. Square Drive 

Screw Dr iver  B i t  
Ri-Torque No. 1 
3/8-in,  Squi re  Drive 

Screw Dr iver  B i t  
Ri-Torque No, 2 
3/&-1n, Square Dr ive  

Extension Bar, 12-in,  
3/8- in,  Square Drive  

Extens ion  Bar,  8 - in ,  
3/8-in,  Square Drive 

Extens ion  Bar,  &- in ,  
318-in,  Square Drlve 

TOTAL 
ESTPFIATED 
WEIGHT ANTE 

CJUmITY VOLUFE - 

Bandle,  Ra tche t ,  Reversing 1 
30 Tooth, 318-in,  Square Drive 
Length, Plax, 8 i n ,  

Randle,  Ratche t  Head, Torque- 1, 
Limi t ing ,  5 to 150 i n ,  Ib s ,  
3/8-in, Square Dr ive  
Length, Max. 16 i n ,  

Un ive r sa l  J o i n t  
318-in,  Square Drive 

1,4 oz, 
1.0 cue  in, 

4 - 0  oz, 
2,s eu, in, 

9-5  oz *  
8-0  eu, in, 



Table 111-1 Tools and Equipment (Continued) 

TOOL DESCRIPTION - 

TOTAL 
ESTIMATED 
WEIGHT ANlP 

QUANTITY VOLUME 

Screw D r i v e r s ,  Wrenches, and P l i e r s  
.-- 

Screw Dr iver  
Standard Tip 
3/16-in. Width 
4-in.  Blade Length 

Screw Dr ives  
Standard Tip 
l / 4 - i n .  Width 
4- in.  Blade l eng th  

Screw Dr iver  
P h i l l i p s ,  N o ,  2 * 
4-in,  Blade Length 

Wrench, Open ~ n d / ~ o x  
5/16-in, ,  
Lsngth,  Max. 6 in .  

Wrench, Double End, F l a r e  Nut 
3/8  X 7/16-in,  
Length, Max, 6-1/2-in. 

Wrench, Double End, F l a r e  Nut 
1 / 2  X 9/16-in,  
Length, Max 8*Ln. 

Wrench, Double End, F l a r e  Nut 
5/8 X 1 1 / 1 6 - l ~ .  
Length, Max, 9-in. 

Wrench, Adjus tab le  
10 in, 

P l i e r s ,  Channel 
Lock Type 

P l i e r s ,  Needle,  P i n  Gripping 
Nose 

1.38 02. 

4-50 cu. i n ,  

1.4 oz.  
4-6  cu. Fni, 

1.4 02. 

4.5 cu. i n . ,  

2,5 oz. 
1.7 cue Fn, 

1.0 o z ,  
2.40 cu. i n ,  

. 1.0 02, 

2.44 cu, i n ,  

1.0 oz, 
2.47 cue  in, 

9.0 o z ,  
10.0 cue  In, 

2.0 02,  

7 -5  cu. in, 



Table 111- 1 Tools and Equ ip~ne  n t  (Continued) 
TOTAL 

ESTIEL~TEED 
WEIGHT Am 

- VOLUtE TOOL DESCRIPTION 

Pliers, Connector, 
Electrical, 10 in. 

Pli ers, Common, 
8 in., Slip Joint 

Cutter, Diagonal 
Pliers 

Vise Grip, 7 in. 

Wire Stripper, Crimper 

Miscellaneous Tools 

Pin Straightener 

Vise, Bench, 2 in, Jaws 
Vacuum Base Type 

Clamp, 4 in. 
II G ( 1  Type 

Nultimeter, Portable, 
20,000 ohms/volt DC 
50,000 ohms/volt AG 

Mirror, Inspection 
Length, Max, 12 in. 

Hechanical Finger, 
Flexible; Length, Plax. 17 in. 

Scissors 

Hammer, Baf P Peen, 
16 oz,  

QUANTITY 

1 4,O oz, 
9,5 cu, in, 

4,0 oz, 
9.5 eu, in, 

6-0 oz, 
4,0 cu, in, 

10*0 oz, 
11,s cu. in, 

12,0 oz, 
EO,O cu. in, 

32,0 oz, 
64-0 cu, in, 

56-0 o z ,  
110,Q cu. in, 

a,o 02. 

3-5 cue I n ,  

6,0 0 2 ,  

4,O cue in, 

9,8 o z ,  
22-0 cu* in, 



Table 111-1 Tools and Equipment (Continued) 

TOTAL 
EST1MATF;D 

TOOL DESCRIPTION 

0-Ring Extractor 

Punch, Long Taper 
End Dia. 3/32 in. 
Max, Length 11-1/2 in. 

Flashlight, Rechargeable 

Tape Measure, 10 Feet 

~nserter/Removal 
Contact Tool, 
NO. 12 Gauga Wire 

Inserter/Removal 
Contact Tool, 
NO- 16 Gaugs !$ire 

Inserter/Remaval 
Contact Tooll 
No. 20 Gauge Wire 

Miscellaneous Support Equipment - 

1 4.0 oz. 
6-0 cu. In, 

Spares Translation Carrier 1 

Translation Kit Tether 1 

Task Procedures 
6 x 8-in, 

Small Parts Retention Device 1 

Tool Carrier 2 

8.0 02, 

9.0 CU. fn. 

2.0 02. 

0.5 eu. in, 

1.5 02. 

2.0 cu, in. 

1.5 oz. 
2.0 cu. i n ,  

1.5 02, 

2.0 cu. in, 

10 02, 
36 cu, in, 

3 02, 
20 eu, in, 

TBD 

2,o 02. 

LO cu. in, 

41 02. 
122 cue in, 

'i 



MCR -71-59 

Table 111-1 Tools and Equipment (Concluded) 
TOTAL 

ESTIFfiTED 
WEIGHT 

TOOL DESCRIPTION QUANTITY VOLUEIE --- 

Leak Repair K i t  
L i q u i d  S u b s y s  terns 

F l e x i b l e  Retention Device I 

18,O 0 2 .  

48 cu. in, 



Table 111-2 Cons umables 
TOTAL 

ESTIMATED 
WEIGHT AND USAGE 

ITEM DESCRIPTION qUANTITY VOLUFtE ENVIRONI'ENT .- --- 
Wire, Sa fe ty  
.032 d i a .  

Tape, P r e s s u r e  
S e n s i t i v e ,  2-in. 
Width 

Tape, P re s su re  
S e n s i t i v e ,  3/4- in.  
Width 

E l e c t r i c a l  T ie  Cord 
Vi ton  Lacing Tape 

Wire, E l e c t r i c a l ,  
Stranded,  No. 20 
I n s u l a t e d  

Wire, E l e c t r i c a l ,  
Stranded,  No. 16, 
I n s u l a t e d  

Wire, E l e c t r i c a l ,  
Stranded,  No, 1 2  
I n s u l a t e d  

Terminals ,  Wire, 
End and S p l i c e ,  
W s c .  S i z e  & Type 

Velcro S t r i p s ,  P i l e ,  
1- in.  Width 

Velcro,  S t r i p s ,  
Hook, 1-in.  Width 

Tape, Pressuro  
S e n s i t i v e ,  1-112-in. 
Width Red (unserv iceable  
cond i t i on  tags)  

Rag, General  Purpose 

100 f t .  4.0 02. S h i r t  s l eeve  
2.0 cu. in .  

50 yds. 

50 yds ,  

200 ft* 

50 f t ,  

50 f t .  

50 f t .  

TBD 

180 i n ,  

180 i n ,  

50 yds. 

6.0 02.  S h i r t s l e e v e  
24.0 cu. i n .  

3,0 02, S h i r t  s l eeve  
9-0 cu. i n .  

1.5 oz. S h i r t s l e e v e  
3.5 cu. i n ,  

3.0 02 ,  S h i r t s l e e v e  
1,5 cu. i n .  

8-0 oz. S h i r t s l e e v e  
3.0 cue in .  

20.0 02, S h i r t s l e e v e  
8.0 cu. in .  

2.0 oz, S h i r t s l e e v e  
4-0 cu. i n ,  

2-0 oz. S h i r t s l e e v e  
7,s cue ir.. 

2,O 02. S h i r t s l e e v e  
7,5 cu. i n ,  

6.0 oz. S h i r t s l e e v e  
12.0 cu. i n .  

1 2  x 12-in,  2.0 o z .  S h i r t s l e e v e  
13,5 cu, i n .  



IV. F L U I D  REMOVAL TOOL 

F o r  any future  inflight maintenance plans being developed 
fo r  long-duration mi s s ions ,  the  capabil i ty mus t  ex i s t  t o  r e p a i r  
fluid subsys t ems ,  Before  a fluid component o r  s y s t e m  can be 
rep laced  o r  r epa i r ed ,  the  fluid within the sy s t em,  in the a rea  

of the r e p a i r  section,  m u s t  f i r s t  be removed  o r  contained. 
After  component rep lacement ,  the  s y s t e m  m u ~ t  be  secha~ged 
and bled-in t o  remove  t rapped  a i r .  

As  p a r t  of th is  con t rac t ,  a unique fluid r emova l  tool  
w a s  conceived,  developed, and a prototype fabr icated.  This 
fluid r emova l  tool  p e r f o r m s  all of the  operations r equ i r ed  f o r  
fluid s y s t e m  maintenance;  (1) fluid removal ,  ( 2 )  in termediate  
s t o r age  of the  fluid that  was  removed,  and ( 3 )  fluid re f i l l  of 
the  s y s t e m  a f t e r  r epa i r .  The tool  is hand operated and u se s  the 
mechanical  f i t t ings,  that  a r e  a p a r t  of the sy s t em,  a s  the point 
of fluid removal .  

It  i s  fe l t  that  th is  concept provides a significant advance 

'in new technology, and that  th is  concept c an  be  used fo r  o ther  
applications.  The unique f ea tu r e s  of th is  tool  a r e :  

1) The tool  i s  s imple  in des ign with inherently high 
re l iabi l i ty ;  

2 )  It  r e q u i r e s  no addit ional  in te r faces  (power, fluid. 
s to rage  tanks ,  ni trogen purges ,  e tc .  ) f o r  operat ion;  

3 )  The procedure  i s  s t ra igh t - fo rward  and should not 
reqmire extensive as t ronau t  t ra ining;  

4) No spec ia l  equipment o r  hardware  i s  requ i red  in  
the fluid s y s t e m a t  the point of fluid removal  (such 
as  valves ,  t e s t  por t s ,  d isconnects ,  e t c ,  ); 

5 )  T h e t o o l c a n b e  u s e d i n e i t h e r a  one-g, pa r t i a l -g ,  
o r  ze ro-g  environment ;  

6 )  It c a n  be u sed  for  non-toxic f luids,  



A.  P R I N C I P L E  O F  O P E R A T I O N  

The pr inciple  of operation i s  based upon controlled leak-  
age  pas t  the s e a l  of a mechanical  fitting. The fluid removal  c o n -  
cept  i s  shown in  F igu re  IV-l which de sc r ibe s  a typical  mechani-  
c a l  fitting with a fluid collection c l a m p  at tached next t o  the  fitting, 
To  remove  the fluid, the collection c l a m p  i s  a t tached next t o  the 
fitting. The fitting "nut" i s  loosened,  (one-half t u rn  i s  amp le )  
which al lows leakage of the  fluid pa s t  t h  s ea l ,  between the  
tubing and the  fitting nut, and into the  collection cavity. A nega-  
tive di f ferent ia l  p r e s s u r e  applied at the  c l a m p  provides  the 
driving fo r ce  n e c e s s a r y  to  es tab l i sh  the leak and d i r ec t  the flow 
of liquid into the  collection chamber ,  and then  t o  a s to r age  bag ,  
The low d u r a m e t e r  s e a l s  provide a s e a l  a t  the  face  of the fitting 
nut and on the  tube t o  f o r m  a chamber ,  thus preventing leakage 
of a i r  into the  chamber  and containing the liquid. 

\-- ~ 1 u i . d  C o l l e c t i o n  
Clamp 

F igu re  IV-1 Fluid  Removal  Concept 



The back s ide  of the c l a m p  provides  a "clamping" action,  
o r  meta l - to -meta l  f i t  on the tube,  that  s e r v e s  two purposes ;  
(1) t o  a l ign t he  s e a l s  on the tube and fitting nut; and (2)  t o  anchor  
the c l amp  t o  the tube. The c l amp  m u s t  be  anchored t o t h e  tube 
s o  that  when the fitting nut i s  backed off, it wil l  c o m p r e s s  the 
face  s ea l ,  and s epa ra t e  the fitting "seal"  and the t h r eads  to  
es tab l i sh  the  leak path. 

The to ta l  concept encompasse s  the removal  of fluid fro111 
the sy s t em,  in te rmedia te  s to rage  of the  fluid, and re f i l l  of the 
s v s t e m  a f t e r  a r e p a i r  i s  accomplished.  F igu re  IV-2 shows a 
schemat ic  of the to ta l  r emova l  sy s t em.  In F igu re  IV-2,  the 
hand pump withdrawal  device  would be clamped t o  fitting "B", 
Fit t ing "A" and "B" would then be backed off allowing fluid t o  
be removed (by suction) f r o m  the s y s t e m  a t  fitting "B", in to  
the hand pump, and f r o m  t h e r e  t o  the  s to rage  container .  

Af te r  the  fluid s y s t e m  r e p a i r  i s  accomplished,  the  in le t  
valve i s  c losed and the f i l l  valve i s  opened t o  d i r ec t  fluid back 
into the  sys tem.  The flexible s t o r age  container  a l s o  a c t s  a s  a 
manua l  fluid pump and a l iqu id lgas  phase s epa ra to r .  The hydro-  
phobic s c r e e n  an  the  s t o r age  bag wi l l  allow vapor  o r  a i r  t o  pass 
through the s c r e e n  bu t  wi l l  not al low liquid t o  escape ;  thus the 
s c r e e n  a c t s  a s  a vent and a phase s epa ra to r .  The flexible cocl- 
t a i ne r ,  with the fluid in it ,  can be ro l led  up like a toothpaste 
tube o r  slowly squeezed t o  push the vapor  o r  a i r  out the  hydra-  
phobic s c r e e n  t o  s e p a r a t e  the gas  f r o m  the  liquid. After  the 
gas  i s  s epa ra t ed  out, the hydrophobic s c r e e n  fitting i s  capped 
and the container  i s  e i t he r  squeezed o r  rol led up, thus forcing 
the liquid back into the  fluid sys tem.  The fluid boundary i n t e r -  
face ,  en te r ing  the  d r y  sy s t em,  wi l l  push the gas  left  in the tube 
out through fitting "A " , thus completing the  cycle. 



F a i l e d  
Component 

F i t t i n g  "A" F i t t i n g  "B" 

Clamp 

F igu re  IV-2 Fluid  Removal  Too l schema t i c  

B, FLUID REMOVAL TOOL DESIGN 

The four  ba s i c  i t ems  that  f o r m  the  fluid removal  took 
a s sembly ,  F igu re  IV-3, a r e  the:  

1) Fluid  Collection Clamp; 

2 )  Fluid  Removal  Pump;  

3 )  Hose and Valve Assembly;  

4)  Flexible  S torage  Bag, 





The purpose of the  fluid collection c l amp  i s  to  position 
o r  anchor  t he  a s sembly  onto the  tubing, and t o  provide a sea led  
cavi ty  around the  fitting. The c l amp  i s  a v ise  g r i p  that  has  
been  modified fo r  the  cavity and s e a l ,  with a n  a t tachment  that! 
fas tens  the  c l amp  t o  the pump and f o r m s  one assembly .  The 
s e a l  m a t e r i a l  i s  MMS-138 si l icone rubber  that  has  been  f ab r i -  
ca ted by  a mold pour technique. During development t e s t s  it 
was  found tha t  a soft  s e a l  conformed e a s i e r  and sea led  be t t e r  
at the lower  differential  p r e s s u r e  ( l e s s  than 2 p s i )  incur red  
during th i s  p r o c e s s .  The si l icone rubber  has  a hardness  of 
approximately  g rade  35 durometer .  

The cavity was  designed t o  fully enclose  the s ea l ,  m i n i -  
m ize  the  void volume, and provide a flow path to  the  pump, The 
s e a l  i s  bonded t o  the  cavity, f i r s t  using a Dow Corning A-4014 
p r i m e r  p r i o r  t o  application of a th in  f i l m  of MMS-138 si l icone 
adhesive.  The flange port ion of the s e a l  i s  of sufficient s i z e  
t o  be used on m o s t  1/4-inch fi t t ings.  

Since t h i s  was  a prototype unit, the c l a m p  was  only s ized 
f o r  114-inch tubes and fi t t ings,  which a r e  the m o s t  common i n  
spacec ra f t  fluid s y s t e m s .  Fu tu re  designs  could include d i f f e ~ e n t  
s i z ed  s e a l  "blocks " that  could ea s i l y  s l ide  into a groove in the 
hand c lamp,  thus making the  tool  adaptable t o  var ious  tube sizes, 

The fluid r emova l  pump design i s  based  upon a me ta l  
bellows with an  inlet  and outlet  check valve configuration. The 
unit i s  fully enclosed and all of the  p a r t s  that  come in contacl: 
with the  fluid a r e  s ta in less  s teel .  It should be  mentioned that 
within the  to ta l  a s sembly ,  the fluid su r f ace s  a r e  s ta in less  steel, 
teflon, and s i l icone rubber .  These  ma te r i a l s  a r e  space  compa - 
tible, and a l s o  a r e  compatible with m o s t  o r  a l l  of the s p a c e c ~ a f t  
fluids. 



The pump i s  operated by a hand pumping action and 
has  the capaci ty  t o  displace  3 .38 cubic inches p e r  s t roke.  The 
f o r c e  requ i red  t o  actuate  the  pump i s  v e r y  low. The pump handle 
i s  f r e e  t o  rota te  on the  shaf t  s o  that  no torques  will  be impar ted  
t o  the bellows assembly .  The handle has  a detent  that  wi l l  al low 
the pump bellows t o  be  locked in the compres sed  position, This 
lock f ea tu r e  al lows the as t ronau t  to apply the c l amp  t o  the fitting, 
r e l e a s e  the  lock, and thus have a n  in i t ia l  pumping action caused 
b y  the  r e l e a s e  of the bellows,  a s  the a s t ronau t  i s  loosening the 
fittings. This fea ture  i n su re s  no ex te rna l  leakage f r o m  the f i t -  
t ing, and a l s o  provides  a n  indication that  control led leakage OP" 

fluid flow has  s t a r t e d ,  the reby  a n  ind i rec t  indication that  the  
fitting has  been backed off sufficiently. The pump can be eas i ly  
a s sembled  and d i sassembled  and has  a min imum of pa r t s .  

The hose  and valve a s sembly  i s  compr i sed  of a n  inlet 
and outlet hose ,  e ach  18 inches long, and two hand-operated 
shutoff valves  mounted on a hand-held panel. The 114-inch 
d i ame te r  hoses  are  s t e e l  bra ided with a teflon inner  l iner .  
Each  hose  ha s  a different  end fitting s o  that  they will  not be 
inadvertantly interchanged on the pump fittings. All  tubing and 
fi t t ings a r e  a l s o  l / 4  inch. The posit ion of the valves  on the 
hand-held panel  a r e  appropr ia te ly  marked  to enable ea sy  opera  - 
t ion b y  the  as t ronaut .  

The flexible s to rage  container  i s  const ructed f r o m  3 
mill e tched teflon bonded t o  a n  a luminum fitting block. The 
teflon i s  c l e a r  s o  that  the as t ronau t  c an  s e e  the  contents of 
the  container .  The teflon f i l m  has  a high percentage of elonga- 
t ion and  high s t reng th  p roper t i es  s o  that  i s  i s  s t r uc tu r a l l y  ade- 
quate fo r  i t s  intended purpose.  The container  was  s ized  f o r  
1500 mi l l i l i t e r s ,  which should be sufficient f o r  the  r e p a i r  and 
r emova l  of individual components o r  modules f r o m  a fluid 
sys tem.  The 1500 mi l l i l i t e r  volume i s  equivalent  t o  that  
volume contained i n  300 fee t  of 114-inch tube,  



The teflon hydrophobic s c r e e n  i s  bonded to  the  vent 
fitting and can  be  removed f r o m  the  flexible container.  The 
effect iveness  of a hydpophobic s c r e e n  i s  dependent upon the 
su r f ace  tension contact  angle of the  fluid and the head of the 
fluid. The l a t t e r  i s  not a cons t ra in t  in ze ro-g  if the  flexible 
conta iner  i s  not squeezed too rapidly.  Tes t s  w e r e  conducted 
with t a p  wa te r ,  which i s  effective with th is  s c r een .  Different 
s c r e e n s  with different  ma te  r i a l s  and s c r e e n  s i z e s  a r e  available 
and can  be used f o r  d i f ferent  fluids. It i s  recommended that 
f u r t h e r  work  on t h i s  tool  should include ze ro -g  t e s t s  with o t h e ~  
fluids. 



V. L E A K  S E A L  R E P A I R  K I T  

The abil i ty t o  r e p a i r  m ino r  s y s t e m  malfunctions in 
future  manned orbit ing spacec ra f t  i s  v i ta l  because  of the extended 
s e r v i c e  life r equ i r ed  fo r  such  sys t ems .  One prob lem which must 
be deal t  with i s  a l eak  in  a component o r  f in ing in any of the 
spacec ra f t  fluid sy s t ems .  The leaks  t o  be  considered a r e  l a rge  
enough t o  be detected through ca sua l  observat ion,  but not l a rge  
enough t o  requ i re  immedia te  o r  emergency  rep lacement  of the 
component o r  fitting , 

This  d i scuss ion  p r e sen t s  an  analysis  of var ious  methods 
which might be employed t o  s e a l  wa t e r  s y s t e m  leaks ,  and d i s -  
c u s s e s  the  p rocedures  and techniques requ i red  t o  effect  a seal 
under varying conditions. C r i t e r i a  specifying the types  of seal-  
an t  used and the l imiting p a r a m e t e r s  that  mus t  be considered 
a r e  a l s o  p resen ted ,  

F o r  th is  p rog ram,  wate r -based  sys t ems  w e r e  se lec ted  
f o r  the  basel ine  fluid because  they r e p r e s e n t  80 percen t  of the 
fluid s y s t e m s  that  wi l l  be used on the  Space Station, Table W-l 
l i s t s  all of the  gaseous  and liquid s y s t e m s  for  the  Space Station,  
It should be noted that  a l l  of the  subsys t ems  within the  Water  
Management,  Waste  Management,  and T h e r m a l  Control  s y s t e m s  
a r e  wate r -based  sys t ems .  Even though the  objective of th is  
p r o g r a m  was  t o  seal leaks  i n  wate r -based  s y s t e m s ,  indirect ly  
the t e s t s  w e r e  a l s o  conclusive fo r  nitrogen s ince  the t e s t  pro-  
g r a m  a l s o  included a leak  check using nitrogen a s  the p r e s s u r i -  
zing gas .  

A to ta l  of 2 4  different  seal ing techniques ,  and combina- 
t ions of s e v e r a l  techniques,  w e r e  corns idered.  Many w e r e  dropped 
f r o m  considerat ion because  of obvious disadvantages.  P r e l i -  
m i n a r y  tes t ing was  pe r fo rmed  on the remaining candidate t ech-  
niques and a complete s e r i e s  of t e s t s  was  conducted using the 
p rocedu re s  and m a t e r i a l s  f inally chosen a s  being bes t  sui ted 
fo r  the exist ing conditions, 



T a b l e  V-1 Space Station Fluid Systems 

SYSTEM 

I. Environmental Contro 
System 

Atmosphere 

Recovery System 

2. Water Management 

Personnel 

Recovery 

3. Waste Management 

4 .  Thermal Control 

Cabin Control 

Radiator 

5. Propulsion 

Maneuvering, fuel 

pressurant 

Orbit Keeping, fuel 

O P E R A T I N G  
PRESSURE 

Oxygen & Nitro- 
gen 

Carbon Dioxide 

Methane 1 

Potable Water 1 
Urine 
Wash Water 
Flush Water 
Condensate 
Shower Water 

Urine 3 0 

Feces 

Water 

Freon-21 

Hydrazine 

Nitrogen or 
He l ium 

Me thane I 

Y e s  

Y e s  

Yes 

N,? 

Y e s  



In th is  p r o g r a m  i t  was  concluded that  the s imp le s t  and 
m o s t  adaptable method of seal ing leaks  was  a p roces s  using 
anaerob ic  adhesive  followed by overwraps  of self-vulcanizing 
si l icone tape and  p r e s s u r e  sensi t ive  teflon tape,  To promote  
cur ing of the anaerob ic  sealant ,  a p r i m e r  (MIL-S-2247361) i s  
applied t o  t he  m e t a l  su r f ace  p r i o r  t o  application of the adhesive ,  

These  ma te r i a l s  and methods w e r e  se lec ted  f o r  s e v e r a l  
r e a sons ,  F i r s t ,  no spec ia l  tools a r e  requ i red ;  thus,  co s t  and  
weight penalt ies a r e  minimal ,  Second, l i t t le  o r  no spec i a l  
t ra ining i s  n e c e s s a r y  because  the p rocedures  t o  be followed are 
s t ra ightforward.  Third ,  the  ac tua l  seal ing procedure  can  be 
pe r fo rmed  in  l e s s  than five minutes.  Final ly ,  the methods e m -  
ployed a r e  m o s t  applicable to  m o s t  s i tuat ions;  that  i s ,  the  tech- 
niques used a r e  capable of seal ing m o r e  and different  kinds of 
l eaks  than any  other  single s y s t e m  o r  apprcach.  

The ma jo r i t y  of the t e s t s ,  and a l s o  the  be s t  r e su l t s ,  
w e r e  obtained on the r e p a i r  of leaks  in tubes and a t  tube f i t t ings ,  
Although the r e su l t s  of the tes t ing on valves  and tanks w e r e  not  
a s  spec tacu la r ,  the  methods show s o m e  promise .  It is believed 
that  m o r e  tes t ing and fu r the r  improvement  in technique would 
have ult imately resu l ted  in a success fu l  l eak  sealing method on 
valves  and tanks.  

A .  DEVELOPMENT GUIDELINES 

One of the f i r s t  t a sks  of th is  p r o g r a m  was  t o  es tab l i sh  
guidelines fox- u se  in the development of a l eak  r e p a i r  technique,  
The following guidelines a r e  the  r e s u l t  of th i s  effort .  

1) The objective of the  l eak  s e a l  kit wi l l  be t o  quickly, 
eas i ly ,  sa fe ly  s e a l  fluid leaks .  

2 )  The s tudy sha l l  de te rmine  suitable ma te r i a l s  f o r  
l eak  s e a l  application sui table  t o  s y s t e m s  on the S k y -  
l ab ,  Space Station,  and Space Shuttle. 
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3 )  The leak  s e a l  r e p a i r  wi l l  be used under IVA c o n d i -  
t ions only, with 9070 of the operations per formed  in 
sh i r t s l e eve  and 10% in a p r e s su r i zed  IVA space suit, 

4) The device  sha l l  be developed for  ze ro-grav i ty  u s e  
and demonstra t ion ( r a t h e r  than one-g), 

5 )  Leak-sealant  compounds suitable fo r  use  with f l u i d  
propel lants  wil l  be studied,  but  wil l  not be developed 
due to  the r e  levant c ornpatibility p rob lems  , 

6 )  Compounds suitable fo r  use  with potable w a t e r  sub- 
s y s t e m s  will  s a t i s fy  con t rac t  intent. 

7 )  It sha l l  be a des ign goal  t o  s e a l  the  s y s t e m  while 
the s y s t e m  i s  in operat ion with full  s y s t e m  pres s u ~ e ,  

8)  A leak  sha l l  be defined a s  a wetted sur face  o r  a 
dripping-type leak.  Rupture  of a line on* tank neet3 
not be considered,  

9)  Leaks  sha l l  be a s s u m e d  t o  occur  a t  the  following 
points, and a s  a des ign goal ,  the leak s e a l  appil- 
c a t o r ( s )  sha l l  be designed t o  c o r r e c t  the  followirip 
leaks  : 

a. at tube fi t t ings;  

b e  component ex t e r i o r  (fitting, s t e m  leak,  o r  e x -  

t e r n a l  t h r ead ) ;  

c. ,tank leak on the tank ex te r io r .  

L O )  The s ea l an t  m a t e r i a l  sha l l  be compatible with the 
Skylab and Space Station a tmosphe re s ,  and sha l l  
m e e t  the applicable oxygen safe ty  and gas-off corn- 
patibil i ty requ i rements .  



Cabin Mixture  Rat io  T e m p e r a t u r e  
P r e s s u r e  Nitrogen/Oxygen - Humidity Range 

S kylab 5 .0  - f 0.2 26/74 50 t 10 RH 70 - + 5 , ' ~  
p s  ia  45 Minimum 

D. P. 
95% Max imum 
RH 

Space 10-14-7 78 121 4 . 5 ' ~ - 8 5 ' ~  65 -858"~  
Stat ion ps ia  Dewpoint 

11) The s ea l an t  s h a l l  have a rap id  c u r e  t i m e  wi th  a de- 
s ign  goal  of 30 minutes ,  

12) The m a t e r i a l s  s tudy  sha l l  cons ider  the following 
fluids,  s y s t e m s  p r e s s u r e s ,  and chemica l  cornpatl- 
b i l i ty  in  the following o r d e r  of pr ior i ty .  

S y s t e m  Fluid  S y s t e m  Pressure 

Potable  Wate r  Wate r  30 psl.g 

Cabin T h e r m a l  Control  Wate r  140 psig 

Waste  Management  Wate r ,  Urine,  Wash 0-30 ps%g 
Water ,  F l u s h  Wate r ,  
G onde nsate  

T h e r m a l  Contr  ol  C oolnol-15 200 psig 

T h e r m a l  Contr  ol  Methanol-Wate r 50 psig 

T h e r m a l  Cont ro l  F r e  on-21 140 psig 

The r m a l  C ontr  01 

Propuls ion  

Propuls ion  

Propuls ion  

Ethylene Glycol- Wate r 60 psig 

Hydrazine  300 pslg 

Nitrogen Tetroxide  300 psig 

Monomethylhydraz ine 300 psig 
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B. CANDIDATE SEA LING TECHNIQUES 

The following i s  a s u m m a r y  of the sealing techniques In-. 
vest igated,  with advantages and disadvantages cited wIie r e  pos s is- 
ble.  As  can  be seen ,  many of the techniques could be rejected 
immediate ly  a s  being difficult o r  impossible  t o  accompl i sh  in a 
Space Station environment.  Al l  techniques,  however,  w e r e  
given some  consideration,  

1. Tape Wrapping of Leak  A r e a  

Tape wrapping can  be  accomplished on tubing eas i ly .  
f i t t ings a r e  a l i t t le  m o r e  difficult depending w h e r e  the fitting is 
located in  t he  sy s t em.  If the  fitting i s  access ib le ,  i t  should be 
no m o r e  difficult than the  tubing i t se l f .  If close  t o  a component 
o r  tank, the t a s k  can be sl ightly difficult t o  p rac t ica l ly  imposs i -  
ble depending if the  l eak  l i es  on the tubing s ide  of the  tank orn 
component s ide  of the fitting. This difficulty, of cou r se ,  is de -  
pendent upon the  g e o m e t ~ y  of the  component. This  can  be over - 
come somewhat  by having a v e r y  conforming tape - e las tonr~er ic  
in nature  - o r  a t  l e a s t  deformable ,  t o  the extent  of fitting c o n ) -  
pound cu rves  o r  boss- l ike  p ro t rus ions .  Tape wrapping approhches  
are s u m m a r i z e d  a s  follows ; 

a. Self-Vulcanizing E l a s tomer i c  Tape - Self-vuleaniz Lng 
t apes  a r e  e l a s tomer i c  ( rubber- l ike)  ma te r i a l s  in tape f o r m ,  or 
var iab le  th icknesses  and widths,  which upon intimate conttec t 
with themse lves  vulcanize into a sol id  m a s s .  The ability to a?- 
h e r e  t o  a su r f ace  other  than themse lves  i s  somewhat  problerna- 
t ica l ,  One redeeming f ea tu r e  i s  that  the  tape can  b e  pulled 
snugly against  convex su r f ace s .  I£ the tape jtself wi l l  not adl-eere 
t o  other  su r f ace s ,  the su r f ace  can  b e  p r imed  with another  r-eiate- 
r i a l  t o  s e c u r e  sufficient  bonding s t rength,  o r  a quick-curing a d -  
hes ive  in terface  m a y  be s p r e a d  under the f i r s t  l aye r  of tape 
aga ins t  the  m e t a l  su r face ,  This adhesive  will,  of cou r se ,  have 
t o  bond t o  the  m e t a l  and a l s o  the self-vulcanizing ove r -wrap  of 
tape.  The adhesive  could be  p r e s su re - sens i t i ve ,  cy-anoacrylate, 
o r  micro-encapsula ted epoxy; however,  no solvent containing 
adhesive  i s  pe rmi s s ib l e  because  of the  adve r se  effects on t i l a  

cabin a tmosphere .  and a l s o  on the  self-vulcanizing tape.  Some 



of the self-vulcanizing tapes  can  only be used a s  a n  i n t e r i m  m e a -  
s u r e ,  or  a t  be s t  a s  a n  in te rna l  l aye r  of a permanent  fix; because  
of probable out-gassing. This p rob lem may  be c i rcumvented b y  
covering the  tape l aye r  with a non-permeable and non-out-gassing 
covering such  a s  a p r e s s u r e  sensi t ive  a luminum foil t ape ,  sealecl 
c lam-she l l ,  o r  p las t ic  coating, Some self-vulcanizing tapes  are 
compatible with the  c'abin a t m o s p l ~ e r e .  

b ,  P r e s s u r e  Sensit ive Adhesive Coated ( o r  Impregnated1 
Conforming Tape - This tape can be used in much the  s a m e  
manne r  a s  the  e las tome r i c  self-vulcanizing tape.  However, the 
tape  i tself  i s  s t r uc tu r a l l y  different .  The tape body would have 
t o  be  constructed in  such  a manne r  that  it would, when applied,  
conform t o  a n  undulating subs t r a t e ,  This  c a n  b e  done by making 
the tape body of woven fabr ic ,  bra ided fabr ic ,  o r  a n  extensible 
m a t e r i a l  ( e l a s tomer i c  o r  rubber- l ike) .  The tape body could be 
coated o r ,  in the c a s e  of woven o r  b ra ided  fabr ic ,  it could be 
impregnated with a p r e s s u r e  sensi t ive  adhesive.  The extens ible 
na ture  of the tape would le t  it conform t o  the shape being w ~ a p p e d  
and the p r e s su re - sens i t i ve  adhesive would bond it in place and 
e l iminate  porosi ty  a n d / o r  permeabi l i ty .  The p rob l em of out- 
gass ing in  th i s  s y s t e m  could be  overcome by  the s a m e  means  as 
c i ted f o r  self-vulcanizing tapes .  

c ,  Micro-encapsula ted Adhesive Coated Tape - This 
t ape  i s  s i m i l a r  to  the self-vulcanizing and p r e s s u r e  sensi t ive  
t apes  descr ibed  in  paragraphs  a and b; however,  the  adhesive  
mechanics  would be  different ,  Activation of a micro-encapsu-  
la ted adhesive  tape r e q u i r e s  dhd application of e i t he r  p r e s s u r e  
o r  heat. Although p r e s s u r e  would occur  while wrapping,  it 
would not be sufficiently uniform to  e n s u r e  that  a l l  the adheslve  
would be activated.  Some independent means  of p r e s s u r e  appl i -  
ca t ion would have t o  be utilized such  as  a vacuum o r  p r e s s u r e  
bag o r  a c lam-she l l  with p r e s s u r e  pads,  o r  by application of 
hea t  which could b e  accomplished with a hea t  blanket on the 
tape,  

The adhesive  would have t o  be  of a thermo-set t ing type 
t o  exclude any  chanee of solvent a n d / o r  undesi rable  reac t ion  
product  r e l e a s e  in to  the  cabin a tmosphere ,  
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d. Heat-Shrinkable Tape - Heat-shrinkable tapes  are 
s i m i l a r  t o  those  descr ibed  in paragraphs  a ,  b ,  and c and can be 
used in  much the  s a m e  manne r ,  After  being wrapped they re-  
qu i r e  the  addition of heat. The heat  c ause s  the tape to  s h r l n l c  i n  
the longitudinal d i rect ion and e n s u r e  a v e r y  t ight  wrap ,  The 
tape  could b e  made  in such  a manne r  a s  t o  be two dfst lnct  Payers, 
The bo t tom l aye r  would be of a low melt ing point (150-350°F) 
polymer  which would fuse  upon hea t  application and produce a 
continuous, coherent  m a s s .  The rfght choice of fusable l a y e r  
would wet  the  overwrapped sur face  a s  wel l  a s  the  outer-mos t 
t ape  l aye r  and  bond t hem toge ther ,  This could v e r y  wel l  p ~ o -  
duce a patch of v e r y  low permeabi l i ty  that  would r e s i s t  high 
p r e s s u r e ,  

Seve ra l  different  polymer  types a r e  avai lable  in the  heat . 
shr inkable  f o r m ;  however,  the fusable l aye r  concept may ~ e q u l ~ e  
investigation o r  even development t o  e n s u r e  a p rope r  system., 

2 .  Mechanically Held o r  Bonded Pa tches  

This type of r e p a i r  would not b e  applicable t o  IzighEy 
i r r e g u l a r  su r f ace s  nor  ones with s m a l l  uneven r ad i i  (conical) ,  
because  of t he  difficulty of tightly conforming t o  the subs  tradre, 
Bonded patches would be  m o r e  l ikely  t o  conform because of the 
fluid nature  of the bonding r r~a t e r i a l  before  permanent  set takes 
place;  however,  i r r e g u l a r  su r f ace s  would s t i l l  be v e r y  awk\va~*d,, 
It  would be  prohibitive t o  des ign spec ia l  patches fo r  each  pcrssf- 
ble leak a r e a ;  however,  the patch approach  has  possibil i t ies ~ l l i  

the r e a l m  of tank domes and wal ls ,  o r  component s ides  where  
gently rounded su r f ace s  a r e  p resen t .  

a. Self-Vulcanizing E l a s t o m e r  - This s cheme  would have 
t o  be  used with an over lay  of p las t ic  o r  me ta l  because of out- 
gass ing effects.  The me ta l  could be foi l  o r  th in  shee t  t o  prcs~mote 
deformat ion and conformance t o  the subs t r a t e ,  If the  eEastorawer 
would not bond t o  the subs t r a t e  o r  me ta l  over lay  by  i tself ,  adhe - 
s ion could be  p romoted  by a p r i m e r ,  o r  adhesive  inter-Payer,  
The principle advantage of using the self-vulcanizing e1astomer 
i s  the  inherent  abil i ty of the m a t e r i a l  t o  be  buil t  up into a n y  de - 
s i r e d  th ickness  and var ia t ions  of th icknesses  in the s a m e  pstck 
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that  u l t imately  becomes  (a f te r  vulcanizing) a homogeneous m a s s ,  

The patch could be  held in place  by mechanical  means  such  a s  a 
c l am-she l l  c lamp,  hose  c lamp,  o r  o ther  means ,  t o  apply a corn- 
p r e s s ive  load sufficient  t o  offset l eak  p r e s s u r e  and effect  a s ea l ,  

b. P ressure -Sens i t ive  Adhesive - This method could 
s e a l  in gently rounded subs t r a t e  a r e a s .  It ha s  a low o r d e r  of 
s t reng th  and would not be  s a t i s f ac to ry  fo r  high p r e s s u r e  leaks .  
This m a t e r i a l  would have t o  be  used with a n  over lay of plast ic 
o r  me ta l  shee t  s tock  in o r d e r  t o  take loads of any  magnitude,  
s ince  it never  c u r e s  t o  a solid m a s s ,  but r ema ins  a s  a v e r y  
tacky semi-so l id  o r  highly viscous  liquid. 

c.  Thermo-P la s t i c  Adhesive - This  s y s t e m  would re-  
qu i r e  a heat  application technique,  such  a s  a stud-bonding gun, 
Highly i r r e g u l a r  su r f ace s  would not lend themse lves  t o  be r e -  
pai red.  Gently rounded su r f ace s  such  a s  tank domes  o r  barre l  
sect ions  could be  r epa i r ed  quickly, eas i ly ,  and  wi th  a high de- 
g r e e  of re l iabi l i ty ,  The adhesive  would be applied to  the  metal- 
l ic o r  p las t ic  patch and would be a n  in tegra l  p a ~ t  of it ,  The ad -  
hes ive  upon application would be complete ly  "set" when cooled 
back  t o  r o o m  t empera tu r e .  One drawback would be the r equ i r e -  
m e n t  of a high heat-f lux appl icator ,  s ince  the tank contents 
would be a l a r g e  capaci ty  hea t  sink with a high r a t e  of t h e r m a l  
conductivity , 

A possible  v a ~ i a t i o n  of th i s  would be  to  use  a heated-gun 
appl icator  and extrude a mol ten bead of the  adhesive ,  much a s  
in welding o r  solder ing.  



d. Thermo-Sett inp Adhesive - These ~i?ateria ' is  f r o r n  zi. 

prac t i ca l  standpoint  could n o t b e  used in a weighed two con-po - 
nent s y s t e m ;  however,  the components could be preweighted snd 
packaged and mixed wjthin the paclcaging container  such  a s  a 
"Semco Car t r idge" ,  The container  could very wel l  a c t  a s  a 
dispensing device a l so ,  Even so ,  the  c u r e  t lme  of tile nlater'ial 
would be re la t ively  long  enl less hea t  was  applied,  The l e s s  cor-rr- 
pl icated method would be t o  use  a "B-staged" adhesive  o r  o n e  
of the  pas te  types with the  ha rdene r  d i spe r sed  within the nlat~1-x 
but not soluble in  i t  below s ome elevated t empe ra tu r e ,  The 
"B-staged" adhesive  could be a t tached t o  a me ta l  o r  p las t ic  patci- 
prope r  and be bonded t o  the l eak  su r f ace  upon application of hecat 
and p r e s s u r e .  An appl icator  of the Stud Bonding Gun  type would  
s e r v e  a s  a means  of applying heat  and  p r e s s u r e ,  The apg'elca~norr 
of th is  s y s t e m  could b e  re la t ively  f a s t ,  but high t empera tu r e s  a r e  
requ i red  (300-600°F). These  t e m p e r a t u r e s  m a y  be dEfficuSt to  
obtain on a tank full  of liquid. 

e.  Anaerobic  Adhesives - These  a r e  one component 
s y s t e m s  which c u r e  nnder the  conditions 01 exclusion of aln2os - 
pher ic  oxygen and v e r y  in t imate  faylng su r f ace  contact ,  They 
a r e  ex t r eme ly  f a s t  cur ing i n  contact  with m o s t  su r f ace s  a t  roo-m 
t empera tu r e .  They can  be made t o  c u r e  even f a s t e r  by appli-- 
ca t ion of a p r imer -ca ta lys t .  To obtain a p rope r  c u r e  the adhe-  
s ive  m u s t  be  squeezed between faying su r f ace s  t o  produce a veqr 
thin and uniformly thick bond-line, This can  be done eas i ly  on 
smoothly contoured su r f ace s ,  but highly i r r e g u l a r  su r f ace s  E T L ~ ~  

p r e sen t  a problem,  

f ,  Inorganic Adhesives - These m a t e r i a l s  have the ma j o y  
d isadvantages  of being br i t t l e ,  of a Pow o r d e r  of s t rength ,  d:Cfe- 
cult  t o  use,  possibly co r ro s ive  t o  the  fagring srarfaces, and S ~ * O G S ! ;  

sensi t ive ,  Some r equ i r e  high c u ~ i n g  t e m p e r a t u r e  (400 to ~ c o " F ~ ,  
and o thers  c u r e  a t  room t empera tu r e  (chemical  substi tut ion),  
The re  i s  a good poss ibi l i ty  that  they m a y  be too porous t o  con.- 
t a in  l eaks  unless  they a r e  c u r e d  by fusion,  The ma jo r  advan- 
t ages  a r e  good chernjcal  compatibil i ty to  ac ids  and b a s e s  (the 
s a m e  one m a y  not work  fo r  both),  quick c u r e ,  nonilarnmab~lli"r,~, 
and non-vohatility , 



These  m a t e r i a l s  a r e  one and two component s y s t e m s  ; 
the  one component s y s t e m  usually having wa te r  a s  a s olvent 
with c u r e  depending upon evaporat ion (slow c u r e )  and the tvvo 
component s y s t e m  being a chemica l  substi tut ion react ion with 
the product being the cu red  adhesive ,  These  can  be s o n ~ e w h a t  
dangerous  t o  handle, because  of chemica l  burns ,  and possible 
toxic and /o r  co r ro s ive  volati les being given off. The mos t  
probable choice would be one of the  wa te r  soluble s i l i c a t e s ,  

g.  Micro-encapsula ted Adhesive - These  sy s t ems  a r e  
one component s y s t e m s  utilizing a micro-encapsula ted ha rdene r  
a n d / o r  r e s i n  base .  The hardener  and  r e s i n  b a s e  a r e  kept com-  
pletely chemical ly  isola ted,  although int imately  mixed,  until  
heat  o r  p r e s s u r e  o r  both a r e  applied t o  rup ture  the  capsu les .  
This rup ture  in i t ia tes  the  chemica l  reac t ion  of c u r e  which p r o -  
ceeds  t o  completion. 

These  s y s t e m s  can  be procured  in liquid, pas te ,  f i lm,  
and free-flowing powder f o r m s .  This application would undoubt- 
edly  r equ i r e  a f i lm f o r m  previously  applied t o  a metal l ic  o r  
p las t ic  patch m e m b e r  f o r  simplici ty.  The h a r d e n e r - r e s i n  baee 
can  be  specif ical ly  chosen  t o  produce a n  ex t r eme ly  f a s t  c u r e  
with 75 t o  90% ult imate s t reng th  in a m a t t e r  of minutes.  A 
heated platen-type tool  could be  used f o r  application. The main 
draw-back  of th i s  s y s t e m  would be the  s a m e  a s  fo r  a l l  patch-type 
r e p a i r s :  i r r e g u l a r  surfa.ces would be  a l m o s t  impossible  t o  re -  
pa i r .  

3 .  Injection of Sealant  into Leak  P o r o s i t y  

The following type m a t e r i a l s  a r e  b e s t  sui ted t o  t h i s  
application:  

c )  Anaerobic  

d )  Inorganic (wate r  s solution) 



The intention of th is  s y s t e m  would be to  actual ly  put some 
m a t e r i a l  into the  l eak  passageways and bloclc them internal ly ,  Tcrp 
do  this the  m a t e r i a l  being injected m u s t  be v e r y  fluid during the  
injection period s ince  the l eak  c ross - sec t iona l  a r e a  wi l l  be e x -  

t r e m e l y  smal l .  The liquid s y s t e m  being r epa i r ed  would have t o  
be  dep re s su r i zed  t o  avoid back -p re s su re  on the Injected nmteriari, 
The thermo-p las t i c  m a t e r i a l  (a)  would have t o  be injected u n d e ~  
v e r y  high p r e s s u r e  and heated to  achieve sufficientlyr Bow vj  s c o s i t y  
t o  penetra te  the s m a l l  leak openings. This could be accornpllshed 
with a hand-gun equipped with a heated r a m  chamber  t r i gge red  $0 
p e r m i t  s m a l l  "shots" of fluid m a t e r i a l  t o  be e jected f r o m  a nozzle. 
and impinge upon the cap i l l a ry  openings. The nozzle would have 
t o  have a guard  around i t  t o  prevent  excess ive  sp l a t t e r  of material,  
This appara tus  r equ i r e s  a considerable  amount  of e l ec t r i c a l  powe T, 

The thermo-set t ing rna te r ia l  (73) might  have a sceffic$entl.ly 
low v i scos i ty  t o  e n t e r  the  cap i l l a ry  bo re  due s t r i c t l y  t o  capillaryr 
a t t rac t ion ;  if not, the m a t e r i a l  could be  induced to  en t e r  uslrtg 
low p r e s s u r e  In the  range  of 10-25 psi. Tools of th is  type were 
developed by the  Mar t i n  Mar ie t t a  Corporat ion fox- use  on T i t a n  
I1 miss i l e s .  It m a y  be p r ac t i c a l  t o  use a device such  a s  a hy;~u- 
d e r m i c  syr inge  with the  needles  modified a t  the  t ip  t o  provide 
conformabi l i ty  and access ib i l i ty  t o  the immedia te  r e p a i r  a rea ,  
The thermo-se t t ing  mix would not only have t o  have low visco-  
s i ty ,  but  a l s o  a reasonably long work  life, This long work  li1e 
would r equ i r e  hea t  application to  effect  a f a s t  c u r e  on the  repair, 

The anaerob ic  adhesive  (c)  and the inorganic rnatepial 
(dj  would be applied in  much  the  s a m e  manne r  a s  the  t h e r m o -  
sett ing m a t e r i a l  (b) with a few minor  modifications.  The anae- 
robic  m a t e r i a l  should c u r e  quickly (seconds)  and conzpletely 
in  cap i l l a ry  bo re s  and if not, a p r imer - ca t a ly s t  could be  used 
t o  promote  the cu re ,  

4. Encapsulation 

This s y s t e m ' s  intention i s  t o  cover  the  l eak  a r e a  with a 
m a t e r i a l  in the liquid s ta te  which, upon car ing ,  produces  a solid 
mechanical  block a c r o s s  the  channel  openings, This  wi l l  nece- 
s s i t a t e  e i t he r  ex t r eme ly  good adhesion to  the subs t r a t e  o r  a cnn- 
tinuous enveloping f i l m  of m a t e r i a l  around the  s y s t e m  being 
repa i red .  



a. C a s t  - A loosely  conforming mold would have to  be 
buil t  around the l eak  a r e a .  A liquid rnater ia l  would then be in- 
jected into the  mold between the  leaking p a r t  and the inner  s u r -  
face  of the  mold,  and allowed t o  cure .  The mold would only have 
t o  be s t rong  enough t o  hold the  weight of the  liquid cas t ing rnate- 
r i a l .  Thermo-set t ing m a t e r i a l  would probably be  the be s t  c a s t -  
ing ma te r i a l ;  however,  s o m e  thermo-p las t i c  m a t e r i a l s  could be 
used. They would have t o  p o s s e s s  a s h a r p  melt ing point, ie e *  
become v e r y  fluid at a reasonably low t empera tu r e .  

b. Molded - The technique in  th is  instance would be sorne- 
what s i m i l a r  t o  the foregoing,  but the  mold would have t o  suffi- 
ciently s t rong  t o  withstand molding p r e s s u r e s  in the o r d e r  of 
10-100 p s i  depending on the  molding matelgial v iscosi ty .  The 
higher  the viscosi ty ,  the higher  the molding p r e s s u r e  requ i red  
and consequently, the s t r o n g e r  the  mold would have t o  be. 
These  two methods would be  awkward t o  use  a t  the v e r y  bes t ,  

c .  Coated - This  method would be  utilized by applying 
- ,  

a coating o r  f i l m  of liquid m a t e r i a l  t o  the  leak a r e a ,  and then 
letting it cure .  Molds would not be requ i red .  The viscosi ty  
of the  rna te r ia l  m u s t  be high, even thixotropic.  Thermo-  sett ing 
m a t e r i a l s  could b e  applied by b r u s h  o r  spatula  a t  r o o m  t e m p e r a -  
t u r e  and  cu red  at a n  e levated t e m p e r a t u r e ,  Thermoplas t ic  
ma te r i a l s  could be applied by b r u s h  f r o m  a hot-mel t  conta iner  
and  would cure  a l m o s t  instantaneously,  Even  micro-encapsula ted 
m a t e r i a l s  could b e  applied using a spray-gun  approach  w h e ~ e  the 
gun i tself  doeo not throw a fan of ma te r i a l ,  but  u se s  a s m a l l  bore 
a s p i r a t o r  pickup and s m a l l  or i f ice  nozzle t o  produce a wel l -  
d i rec ted  s t r e a m  of m a t e r i a l  of a s m a l l  d iamete r .  The impinge- 
men t  velocity would have t o  be g r e a t  enough t o  rup ture  the  mic ro -  
capsu les  upon s t r ik ing  t h e  su r f ace  t o  be coated,  After  coating,  
the  su r f ace  can  be heated t o  expedite the  c u r e ,  Thermo-p las t i c  
m a t e r i a l s  could be  sp rayed  using a hot-pot technique,  
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d. S t i c k - F o r m  Coating Application - In th is  method the 
coating m a t e r i a l  would be in a s t i ck  or  rod f o r m ,  f r o m  a l l  ou t -  
wage appearances  a solid b a r .  The ma te r i a l  itself would h a v e  
t o  have the  unique proper ty  of t r ans f e r r i ng  f r o m  the s t ick  t o  $lie 
su r f ace  being coated by ab ra s ion  o r  rubbing a c r o s s  the s u r i a c e ,  
The coating a s  produced would have to  be nonpermeable ,  ?'kip 

ma t e r i a l ,  t o  be sa t i s fac tory ,  m u s t  s h e a r  cohesively f r o m  t l ~ c  
appl icator  s t i ck  t o  the subs t r a t e ,  and "reheal"  cohesively on 

the subs t r a t e .  The coating cannot be l ayered  o r  sea led  but 
m u s t  r e tu rn  to  a homogenous m a s s  t o  preclude porosi ty ,  Pvla t -  

e r i a l s  such  a s  waxes ,  fat ty ac ids ,  o leores ins ,  mix tures  of 
she l lac ,  and r e s in s  with p las t i c ize rs  a n d / o r  t ack i f ie r s  could  
be used. 

One other  good possibil i ty r e m a i n s ,  however. A micro- 
encapsula ted adhesive  could be molded into a b a r  without r u p -  
tur ing the microcapsu les  b y  use  of another  adhesive  which 1s 

low s t reng th  and f r i ab le .  When this  b a r  i s  rubbed a c r o s s  t l ae  
s ubs t r a t e ,  the  microcapsu les  would rupture  and the low s t reng th  
adhesive  let  go, thus t r ans f e r r i ng  a suddenly liquid adhesive t o  
the subs t ra te .  This  liquid adhesive would wet-out the surface 
v e r y  wel l  and c u r e  quickly. The vise  os ity of the microenca ps u- 
lated adhesive  could be adjusted t o  give a v e r y  fluid m a t e r i a l  
o r  one which i s  somewhat  tacky depending upon the par t i cu la r  
application need. 

5,  Combinations of Sealing Sys t ems  

The bas i s  of the  combination choice m u s t  be a sys te=  
which posit ively s e a l s  but poss ibly  l acks  sufficient s t reng th  to 
r e s i s t  high p r e s s u r e ,  wi l l  not mee t  the out-gass ing r equ i r e  - 
ment s ,  o r  i s  a n  e x t r e m e  f i r e  hazard .  It i s  a l s o  possible that 
s e v e r a l  of the  proposed methods will  work  equally well ;  then 
the approach  f o r  se lect ion wi l l  be based  on the complexity of 
e ach  s y s t e m ,  It s e e m s  quite probable that  a f inal  solution will  
be  a combination of two or  m o r e  techniques to  fulfill  a l l  the 
physical ,  chemica l ,  and mechanical  p roper ty  requ i rements  
involved. The methods f inally adopted wi l l  be products of evo- 
lution, 



6. Plat ing 

The aim of th i s  method is t o  deposi t  a thin, coherent ,  
non-porous,  metal l ic  coating t o  a subs t r a t e  sur face  completely 
damming leak  openings. The su r f ace  t o  be plated mus t  be b a r e  
me ta l  and chemical ly  c lean o r  the plating wi l l  not p roper ly  ad -  
he r e .  Sufficient th ickness  would have t o  be buil t  up t o  s a t i s -  
fac to r i ly  r e s i s t  the s y s t e m  p r e s s u r e ,  The plating would a l s o  
have t o  be chemical ly  compatible with the  fluid t o  be contained 
and mus t  have a n  affinity f o r  the  subs t r a t e  metal .  An aluminul-n 
subs t r a t e  m a y  r equ i r e  two o r  even  m o r e  plated l a y e r s ,  of dif- 
f e r en t  me ta l s ,  t o  be able  t o  obtain a sa t i s fac tor i ly  r e s i s t an t  de-  
posit .  This  i s  because  the me ta l  deposit  ac tual ly  doing the job 
cannot be plated d i rec t ly  upon a luminum but m u s t  have a n  i n t e r -  
mediate  l aye r  t o  e s t ab l i sh  a6hesion.  

A ba th  of t he  plating solution m u s t  be es tabl ished in con- 
t a c t  with the a r e a  t o  be plated. This has  t o  be done r ega rd l e s s  
of whether  t he  plating i s  e lec t ro ly t ic  o r  e l ec t ro l e s s .  It i s  poss i -  
ble that  the  plating bath would not have to  be a fluid/liquid t o  
accompl i sh  i t s  t a sk .  The plating bath  m a y  a l s o  be rendered  
thixotropic and thus it could be sp read  on the subs t r a t e  t o  be 
plated. E l e c t r o l e s s  plating would then take place without any 
fu r the r  p r o c e s ~ i n g .  Tn the ca se  of e lect rolyt ic  plating, a n  
anode could be placed in contact  with t he  outer  sur face  of the  
thixotropic plating bath, lead w i r e s  a t tached t o  the anode and 
cathode ( subs t r a t e ) ,  and a DG power s o u r c e  energized t o  produce 
the requ i red  deposition, Ionic migra t ion  of the plating bath  
should be somewhat  s lower  than  normal ,  but no doubt t h i s  could 
be compensated f o r  by a lower  c u r r e n t  densi ty  and a longer  
plating time, 

The  ma jo r  drawbacks  t o  t h i s  method =Ire that  the  plating 
i s  toxic, c an  couse chernical  burns ,  and because  i t  i s  an  oxida- 
t ion - reduction reac t ion  wi l l  produce gaseous  byproducts.  Hy- 
drogen wi l l  be plated along with the me ta l  ion on the  cathode,  
while oxygen wi l l  be  plated a t  the  anode and both g a s e s  wil l  
then be l ibe ra ted  f ro rh  the  plating solution. Application of th is  
p r o c e s s  would not be to le rab le  in a spacec ra f t  situation. 



7. Peening 

This  method i s  somewhat  se l f -explanatory s ince  peening 
i tself  i s  disruption of the me ta l  su r f ace  f r o m  impaction, causing 
a "smear ing  action" tha t  c lo se s  the  su r f ace  t e rmina ted  openings, 
There  a r e  two means  of applying the peening action,  The f1rs.E 
i s  by a s t r e a m  of meta l l i c  par t i c les  d i rec ted  a t  the  sur face  t o  
be worked;  the second by h a m m e r  and punch, the punch having 
a hemisphe r i ca l  point. The h a m m e r  and punch could v e r y  wel l  
be contained in a single unit s i m i l a r  to  a " jack-hammer" .  The 
shot-peening method would have t o  be designed in such  a m a n n e r  
that  rebounding shot would be collected and not allowed t o  c o n -  
t amina te  the  surrounding a r e a .  A vacuum pick-up device would  
probably be the  mos t  useable  and efficient;  however,  i t  the  shot. 
w e r e  s t ee l ,  a magnet ic  pick-up might  b e  the  be s t  choice,  

Any thinning o r  work-hardening of the  me ta l  su r face  b y  
these  methods of peening should not consti tute a n  objectionable 
haza rd ,  even though s o m e  of both wi l l  be produced. 

Burnishing is included in th i s  sect ion and i s  a possibii i ty,  
Burnishing i s  s imply  the mechanica l  movement  of the me ta l  simr- 
face  by t he  use  of a hernispher ical ,  pointed hand tool. 

8. Diffusion Bonding 

This method depends upon the  abi l i ty  of one me ta l  s u r  - 
face  t o  diffuse into ano ther  and intermingle  molecular ly .  Dif- 
fusion wi l l  not take place  un less  the  contacting su r f ace s  a r e  i n  
in t imate  contact  and have a n  e x t r e m e  affinity f o r  one anothen-, 
The r a t e  of diffusion i s  dependent upon energy  introduced inkc 
the sys tem.  In normal  p rac t ice  the  ene rgy  i s  in the  f o r m  of 
hea t  and /o r  p r e s s u r e .  A hand vacuum i s  a l s o  used in the pro-- 
c e s s  t o  e l iminate  a tmosphe r i c  contamination that  occurs  in  the 
f o r m  of chemica l  reac t ions  with the  meta l l i c  in terface  a n d / o r  
poss ible  occlusion in the  in terface .  



The  m a j o r  d isadvantage  in t h i s  method is the  high e n e r g y  
r e q u i r e m e n t s  n e c e s s a r y  t o  a c c o m p l i s h  re l i ab le  bonding in a  s h o r t  
pe r iod  of t ime .  A s  a n  e x a m p l e ,  a n  explos ive  c h a r g e  c a n  be  used 
t o  a c c o m p l i s h  a bond a l m o s t  ins tantaneously ,  Bonds a r e  produced 
in t i t a n i u m  a t  2000 ps i ,  1 8 0 0 ~ ~  in a p p r o x i m a t e l y  3 h o u r s .  

Th i s  p a r t i c u l a r  method would r e q u i r e  ex tens ive  evaluat ion  
and  r e s e a r c h  t o d e t e r m i n e  if  it is f eas ib le .  

9. Metal l iz ing  (Vacuum o r  F l a m e  Spray ing)  

Meta l l iz ing  on a s u r f a c e  c a n  be produced in  e i t h e r  of two 
ways .  The  f i r s t  is by evapora t ing  a m e t a l  ( s u c h  a s  a l u m i n u m )  
in a  v a c u u m  and  al lowing it t o  condense  on a s u r f a c e .  The s e -  
cond is b y  in jec t ing  a r o d  o r  s t r e a m  of powdered lne ta l  into a 
f l a m e  o r  a r c ,  me l t ing  it and  d i rec t ing  it upon a s u r f a c e .  C e r a -  
m i c s  c a n  a l s o  be  f l a m e  s p r a y e d ,  In a n y  c a s e ,  the  m a t e r i a l  a c t s  
a s  if mol ten  and a d h e r e s  v e r y  we l l  t o  a c lean  s u r f a c e .  Build-up 
is r e l a t i v e l y  e a a y  t o  a c c o m p l i s h ,  A h a r d  v a c u u m  s o u r c e  is avail- 
a b l e  and  e l e c t r i c  power  suff ic ient  t o  hea t  a  r e s i s t a n c e  e l e m e n t  
t o  incandescence  i n  a n  e n c l o s e d  volume i s  the  m a i n  addi t ional  
r e q u i r e m e n t  f o r  v a c u u m  meta l l iz ing .  F l a m e  s p r a y i n g ,  on the  
o t h e r  hand,  r e q u i r e s  a  hand-gun s p r a y e r  wi th  f o r c e  feeding and  
e i t h e r  a  p r e s s u r i z e d  g a s  s o u r c e  o r  a high a m p e r a g e  e l e c t r i c a l  
s o u r c e  t o  produce  the  "f lame".  O p e r a t o r  s k i l l  c a n  b e  a c o n s i -  
d e r a b l e  f a c t o r  in the  f l a m e  s p r a y i n g  technique.  

10. Welding a n d  S o l d e r i n g  

s t e e l  
a r c ,  

F u s i o n  a r c  welding of a l u m i n u m ,  t i t an ium,  and s t a i n l e s s  
c a n  b e  a c c o m p l i s h e d  wi thout  using a n  i n e r t  g a s  sh ie lded  
and c a n  b e  a c c o m p l i s h e d  in a  vacuum,  By the  u s e  of a  

glove-box a r r a n g e m e n t ,  the  v a c u u m  could e a s i l y  be  e s t a b l i s h e d  
a r o u n d  the  a r e a  t o  b e  welded,  and  welding manipula t ions  could 
b e  p e r f o r m e d  th rough  t h e  con ta ine r  s i d e s  by ex tens  ion manipu-  
l a t o r s .  The  con ta ine r  could be  des igned  a s  a  c l a m - s h e l l  f o r  
l i n e s  and  small components .  Soft def lec table  gaske t ing  at the  
c l o s u r e s  would ef fec t  a s e a l .  On l a r g e r  components  and t anks  
the  con ta ine r  could  b e  a n  open-s ided box ut i l izing the  s a m e  type 
gasket ing .  The c a b i n  a t m o s p h e r i c  p r e s s u r e  would a s s i s t  in 
sea l ing  the  v a c u u m  c o n t a i n e r ,  L a r g e  weld beads  a r e  not 



n e c e s s a r y  t o  accompl i sh  sealing.  A v e r y  s m a l l  d i a m e t e ~  con- 
sumable  e lec t rode ,  of the  p rope r  al loy,  could be used. This 
would in fact  re l ieve the p rob lem of supplying high amperage Ear 
l a r g e  d i ame te r  welding rods ;  the resul t ing welds  should be just 
a s  chemical ly  compatible a s  the  paren t  metal .  

Soldering would be  a l m o s t  a s  s a t i s f ac to ry  a s  welding to 
effect  a l eak  r epa i r .  The chemica l  compatibil i ty,  however,  
would not be a s  good. The ma jo r  p rob lem in solder ing i s  t o  
t in  the su r f ace s  of a luminum, t i tanium,  and s ta in less  s t e e l ,  
This can  be accomplished using the p rope r  solder ing f l u ;  how-  
e v e r ,  solder ing flux i s  not compatible in  the cabin a tmosphe re ,  
The re  i s  a l s o  a method by which these  su r f ace s  can be tinned 
without the  use  of a flux. Essen t ia l ly  the  method cons i s t s  of 
using a high rota t ional  speed  (10-20,000 rprn)  d r i l l  motor  with 
a so lde r  loaded soft  grinding wheel  at tached.  The wheel by 
definition i s  v e r y  f r i ab le  and e i t he r  has  so lde r  par t i c les  ern- 
bedded in the ab ra s ive  m a t r i x  o r  the pe r iphe r i a l  d i ame te r  c a n  
be loaded with so lde r  by grinding b a r  so lder .  The su r f ace  to  
be  t inned i s  then lightly ground with the  so lde r  loaded wheel, 
This  accompl i shes  two things.  The su r f ace  i s  mechanicalEgr 
c leaned and the f r ic t ional  heat  genera ted  i s  sufficient t o  melt 
the  so lder .  The mel ted  so lder  i s  s p r e a d  on the c leaned s u r f a c e  
a s  it mel ts .  This t akes  place s o  f a s t  that  even act ive  me ta l s  
such  a s  a luminum do not oxidize before  t he  molten so lde r  wets 
the  sur face .  Once the  m e t a l  i s  t inned,  solder ing can  be accom-  
plished eas i ly .  A var ia t ion of th i s  method,  which would require 
s o m e  development,  would be t o  substi tute a fine,  c lose  -b r i s t l ed  
b r u s h  wheel f o r  the  grinding wheel. The advantage of th is  
method i s  tha t  highly i r r e g u l a r  s u r f a c e s  could be tinned, 



GENERAL TEST FACTORS 

P r e l i m i n a r y  t e s t s  w e r e  conducted i n  the  a r e a s  of so lder -  
ing, the rmoplas t i c  adhe s ive , s elf -vulcaniz ing tape,  and p r e s s u r e  
sensi t ive  and anaerobic  adhes ives ,  The r e su l t s  of these  t e s t s  
and the  per t inent  f ac to r s  regard ing  other  candidate techniques 
w e r e  taken into considerat ion when choosing the techniques on 
which m o r e  extensive tes t ing would be done. 

A s  a r e su l t  of th is  p r e l im ina ry  t e s t  phase ,  i t  was  con- 
cluded tha t  the m o s t  promising method was  a combination s y s t e m  
using a liquid anaerob ic  sea lan t  (Locti te Grade  AA) with over -  
wraps  of self-vulcanizing and p r e s s u r e  sensi t ive  Teflon (T. F. E, 
Inc. ) tape.  In some  c a s e s  a vacuum s e a l  (General  Sealants)  
adhesive  was  used in place of the self-vulcanizing tape.  To pro-  
mote cur ing of the  anaerob ic  sea lan t ,  a p r i m e r  (MIL-S-22473C1) 
was  applied t o  the  t e s t  su r f ace  beforehand. 

S e v e r a l  s e r i e s  of t e s t s  we re  conducted t o  es tab l i sh  the 
l imiting c r i t e r i a  f o r  l eak  seal ing in the following ranges  of t e m -  
pe ra tu r e  and pressure :  3 3 ' ~  t o  approx imate ly  1 4 5 ' ~ ~  and f r o m  
z e r o  t o  150 psig,  Leaks  w e r e  s e t  into s e v e r a l  different  f i t t ings,  
tubing and components of var ious  geome t r i ca l  shapes .  Each  
i t e m  w a s  te ated s epa ra t e ly  to  de te rmine  if th seal ing p roces s  
was  adequate in  a l l  r e spec t s .  The leaks  resu l ted  f r o m  such  
conditions a s  a notch in a s t r a igh t  sect ion of tubing or  a "damaged" 
union fitting o r  valve,  Ni t rogen gas  was  used t o  p r e s s u r i z e  the 
w a t e r  hydrosta t ical ly  when required.  

The p r i m a r y  objective throughout the t e s t s  was  t o  de t e r -  
mine the  min imum and  max imum conditions under which an  
effective s e a l  could be accomplished.  The effects  of var ious  
s y s t e m  t e m p e r a t u r e s  and p r e s  s u r e s  we r e  moni tored s o  that  
l imi ta t ions ,  if any,  could be es tabl ished.  Success ive  t e s t s  
w e r e  run  with t a p  w a t e r ,  d is t i l led  wa te r ,  w a t e r  a t  33OF, and 
w a t e r  at approximately  145OF, Leak  r e p a i r s  w e r e  a t tempted 
a t  s y s t e m  p r e s s u r e s  up t o  150 psig,  



Al l  sea led  f i t t ings w e r e  subjected t o  50. 100. and L50 psip 
f o r  in te rva l s  of five minu tes  each ,  and a t  150 psig f o r  long dura- 
t ion t e s t s  tha t  exceeded 18 hours .  If the r e su l t s  of these  t e s t s  
w e r e  success fu l ,  the fitting w a s  p r e s s u r i z e d  t o  150 psig w i t h  
n i t rogen ga s  f o r  five minu tes  and the  t e s t  sect ion was  imrnersed  
i n  a  w a t e r  bath  t o  a id  in l eak  detection.  

D. TEST RESULTS 

The t e s t  appa ra tu s  is shown schemat ica l ly  in F i g u r e  V - i  
below. S ta in less  s t e e l  tubing with a d i ame te r  of approx imate ly  
1/4-inch w a s  used.  An ini t ial  s y s t e m  leak  check was  conducted 
on the  t e s t  loop. The water - f i l l ed  tubing, p r e s s u r i z e d  t o  150 
psig,  showed no  evidence of a n y  l e aks  a f t e r  18 hours .  

Water I n l e t  
\ System P r e s s u r e  

Regula to r  / 

- 

High P r e s s u r e  I 

-31 

N2 
Water 

\ \ 
I O u t l e i  

C o n t r o l  Valve I 
T e s t  S e c t i o n  

F i g u r e  V-1 Sys, tems T e s t  Schemat ic  



1. Z e r o  P r e s s u r e  S y s t e m  Tes t s  

The f i r s t  s e r i e s  of t e s t s  was  conducted on tubing a n d  
f i t t ings which w e r e  not p r e s su r i zed  but w e r e  wetted before  a n d  
s e v e r a l  t i m e s  during the seal ing p roces s .  Tap  wa te r  was  used 
a s  the t e s t  fluid medium.  In genera l ,  the sealing procedulpe i n -  
cluded the following s t eps :  (1) the a r e a  around the leak was  
sp rayed  with Locquic P r i m e r  Grade T, (2)  a f t e r  a two o r  three 
minute wai t  t o  allow the p r i m e r  t o  d ~ y ,  one o r  two drops  of 
Grade  AA Locti te Sealant  was  placed on the  l eak  a r e a ;  ( 3 )  a 
l aye r  of self-vulcanizing s i l icone (pe rmace l )  tape was  i m m e  - 
diate ly  wrapped over  and s o m e  dis tance on each  s ide  of the 
leaking a r e a ;  (4)  p r e s s u r e  sensi t ive  teflon tape,  which when 
s t re tched  and wrapped over  t he  fitting tended t o  pull back on 
iteelf thus tightening down on the self-vulcanizing tape  and the 
fitting sur face ,  w a s  then  wrapped over  the self-vulcanizing 
tape,  and (5)  the  anaerob ic  Locti te sea lan t  was  allowed a c u r e  
t i m e  of f r o m  two, minutes  t o  s e v e r a l  hours  before  p r e s s u r e  
tes t ing w a s  begun, 

The two wrappings of t ape  s e r v e d  the purpose of elirnf - 
nating the a i r  f r o m  the  vicinity of t he  anaerob ic  sea lan t ,  al low- 
ing it t o  c u r e  p roper ly ,  Once the c u r e  was complete ,  the tape 
could have been removed  without affecting the in tegr i ty  of the 
s ea l ,  A l i s t  of the t e s t  sect ions ,  o r  spec imens ,  used is given 
in  Table V - 2 ,  

The f i r s t  t e s t  spec imen  (No, 1) was  a seven-inch sec t ion  
of s t r a igh t  114-inch tubing with a notch fi led into the tube s u r -  
face ,  c rea t ing  a visible opening. Because it was  de s i r ed  that  
no sea lan t  be allowed into the i n t e r i o r  of the  tubing (thus,  i n  a 
r e a l  sy s t em,  contaminating the  sy s t em) ,  and because  the large 
opening c r ea t ed  would indeed have allowed sea lan t  t o  s e e p  i n t o  
the tubing, a p r e l im ina ry  s t e p  was  taken p ~ i o r  t o  beginning the 
sealing procedure .  This  s t e p  was t o  apply a wyap of se l f -vul-  
canizing tapa t o  "the tube over the  notch before  spraying on the 
p r i m e r .  This meant ,  of c o u r s e ,  that  the  s e a l  was  accomplished 
between two l a y e r s  of self  -vulcanizing tape,  not between metal 
and tape a s  i e  usually the  c a s e ,  



T a b l e  V-2 F i t t i n g s  a n d  C o ~ n p o n e n t s  T e s t e d  

DESIGNA TION DESCRIPTION 

n o t c h  f i l e d  i n t o  tube s u r f b c e ,  
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through f l ange .  1 
A e a k  
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The tes t s  on Specimen No. 1 were  successful and a 
summary  of the tes t s  performed is  given in Table V-3. 

Tes t  specimen No. 2 consisted of two short  sections of 
tubing joined by a union, one side of which was notched to f o r m  
a leak path. A s e r i e s  of t e s t s  identical to  those performed on 
Specimen No. 1 was performed on this specimen and the resul ts  
were  a l so  identical (See Table V-3) .  Tlze normal  sealing pro- 
cedure was  followed without the prel iminary self-vulcanizing 
tape wrap. The s e a l  was ultimately formed along the threads  
of the union on the notched s ide,  a s  was seen when the fitting 
was taken apa r t  a f te r  testing. 

Table V - 3  Zero  P r e s s u r e  Systems Test,  
Specimens No. 1 and 2 

Tap Water @ 50 psig - 5 Min. No Visible Leak 

Tap Water @ 100 psig - 5 MFn, No Visible Leak 

Tap Water @ 150 psig - 5 Min, No Visible Leak 

Tap Water @ 150 psig - 1 8  Hrs. No Visible Leak 

Nitrogen Gas @ 150 psig - 5 Min. Immersed in Water - No 
Leak Visible 

I 

In both s e r i e s  of t e s t s ,  the amount of c a r e  required to  
pe r fo rm the islepair was not excessive.  In some cases  even a 
relatively ca re l e s s  technique proved sufficient. Little o r  no  
previous experience with the mater ia l s  involved was necessary,  
Because of the wet sur faces ,  both tapes had a slight tendency t o  
s l ip  f r o m  the grasp ,  but both adhered well  once in place. The 
actual tape wrapping took approximately two minutes. 



A much m o r e  difficult l eak  t o  s e a l  was  produced when a 

notch was  f i led into the  base  of the  s t e m  on a valve. The leak 
thus c r ea t ed  was  v e r y  l a r g e ,  and a l l  ini t ial  a t t empts  t o  effect a 
s e a l  w e r e  unsuccessful .  The seal ing procedure  used on the 
valve was  a s  follows; (1) Grade  T p r i m e r  was  sprayed  on  where 
the s t e m  mee t s  the valve body, (2 )  locti te sea lan t  was  applied 
t o  the leak a r e a ,  (3) vacuum bag sealant ,  which i s  an  adhesive 
substance that  can  be fo rmed  around the  valve s t e m ,  was  applied, 
and (4) teflon tape was  wrapped over  the  vacuum bag sea lan t  t o  
apply p r e s s u r e ,  forcing the a i r  away f r o m  the locti te t o  allovv it 
t o  cure .  

Before  the valve and s e a l  we re  p r e s s u r e  t es ted ,  the 
teflon tape and vacuum bag sea lan t  w e r e  removed. This pro- 
vided visibil i ty when a leak occur red  s o  that  the a r e a  of the l e a k  
around the  s t e m  could be pinpointed. 

The f i r s t  s e a l  was  a t t empted  a t  z e r o  p r e s s u r e  with vvet 
su r f ace s  and the  c u r e  t ime  was  22 hours  15 minutes.  At 50 psig ,  
a  slow leak was  immedia te ly  evident a t  the back of the  s t e m ,  In 
th is  and a l l  subsequent  t e s t s ,  the valve was  left  in the full  open 
posit ion t o  p e r m i t  flow through it. A second a t t empt  t o  sea l  the 
leak,  allowing a c u r e  t ime  of 23  hours  25 minutes ,  yielded iden-.  
t i c a l  r e su l t s .  Even when the  c u r e  t i m e  w a s  increased  t o  100 
hours ,  the valve leaked immediate ly  upon pressur iz ing  the line, 

The difficulty in seal ing the  valve could be a t t r ibuted to 
e i t he r  of two poss ibi l i t ies .  The vacuum sea lan t  and teflon tape 
may  not have been success fu l  in  el iminating the a i r  f r o m  the 
vicinity of the  locti te,  thus preventing cu re .  The second poss i -  
b i l i ty  i s  that  the g a p  which the sea lan t  had t o  fill ,  e s t imated  a t  
9.015 inches ,  was  too l a rge  f o r  the  type of sea lan t  used. 

With th is  second possibil i ty in  mind, a different  type of 
locti te sealant ,  Grade AVV with a much higher  viscosi ty  and a 
max imum g a p  f i l l  of 0.015 inches ,  was  obtained. The valve was 
sea led  using the s a m e  procedure  except  with g rade  AVV sea lan t  
subst i tu ted fo r  g rade  AA. After  a c u r e  t ime  of 1 hour 30  minu tes ,  
the valve withstood 50 psig fo r  f ive minutes ,  but a v e r y  slow leak 
began 3-1/2 minutes  a f t e r  the p r e s s u r e  was  increased  to  100 gslg, 



It is felt  that  the s ize  of the leak induced in the valve was  
the ma jo r  f ac to r  contributing t o  the continuing fa i lure  to  effect a 
seal .  This points up, however,  a possible l imitation on the 
techniques used. A s u m m a r y  of the t e s t s  per formed with wet 
sur faces  a t  z e r o  p r e s s u r e  on the valve is given in Table V-4,, 

Table V-4 Z e r o  P r e s s u r e  Sys tems  Tes t ,  Valve Repair  

I CONDITIONS RESULTS 

Repeat, except  Cure = 23 h r s ,  25 min, Immediate leak  @ 50 p s i g  

Repeat, except  Cure = 100 h r s ,  Immediate l eak  @ 50 p s i g  

Repeat procedure using Grade A W  No leak  a f t e r  5 min, @ 
s e a l a n t  - Cure Time = 1 hr .  30 m i n .  50 ps ig ,  Very slow leak 

a f t e r  3.5 min. @ 100 

2. High Tempera tu re  T e s t  - 

In o rde r  to de te rmine  the re la t ionship between c u r e  
t imes  and t e m p e r a t a r e ,  a s e r i e s  of t e s t s  was conducted in 
which the t e s t  sect ion was  r a i s ed  to  a t empera tu re  above 1 3 0 ~ ~  
before  a r e p a i r  was initiated. Testing was per formed with hot 
( T  > 130°F) w a t e r  i n  the line a t  z e r o  s y s t e m  p re s su re .  

T e s t  Specimen No. 2 was  sea led  according t o  the nor -  
m a l  procedure ,  with wetted su r f aces ,  and a t  a t empera tu re  of 
approximately  135 O F ,  Testing was  begun immediate ly  a f t e r  
sealing was  complete?;; there fore ,  actual  c u r e  t ime was  on the 
o rde r  of two to  four  minutes.  The t empera tu ra  of the wa te r  ir 
the line was originally 1 4 5 ' ~ ~  This fitting was  tes ted  a t  five 
minute in te rva l s  a t  50,  100, and 150 psig, and f o r  18 hours  with 
t ap  wa te r  a t  150 psig. No leaks  w e r e  evident a t  any  t ime  durlng 
these  tes t s .  



T e s t  S p e c i m e n  No. 3 ,  conf igu red  s i m i l a r l y  t o  t e s t  s p e e i -  
m e n  No. 1 w i t h  a  no tch  f i l ed  i n  a s t r a i g h t  s e c t i o n  of tub ing ,  was 
s e a l e d  w i t h  the  w e t t e d  tube  s u r f a c e  at 1 4 0 ~ ~ .  A s  w a s  t h e  c a s e  
w i t h  t e s t  s p e c i m e n  No. 1, a p r e l i m i n a r y  w r a p  of s e l f -vu lcan iz ing  
t a p e  w a s  a p p l i e d  b e f o r e  t he  n o m i n a l  s e a l i n g  p r o c e d u r e  w a s  i n i -  
t i a t ed .  T e s t i n g  w a s  b e g u n  i m m e d i a t e l y  a f t e r  s e a l i n g  w i t h  t h e  
w a t e r  t e m p e r a t u r e  o r i g i n a l l y  at 1 4 5 ~ ~ .  N o  l e a k s  w e r e  e v i d e n t  
a f t e r  f i v e  m i n u t e  d w e l l s  at 50  a n d  100 p s i g ,  b u t  a l e a k  d id  beg in  
a f t e r  15 s e c o n d s  at 150 p s i g ,  It is t h e o r i z e d  t h a t  t h e  o r i g i n a l  
l a y e r  of s e l f -vu lcan iz ing  t a p e  a c t e d  as insu la t ing  m a t e r i a l ,  thus  
keep ing  t h e  loc t i t e  s e a l a n t  c l o s e r  t o  r o o m  t e m p e r a t u r e  (76OF1, 
T h e  s e a l a n t  would  t h e n  r e q u i r e  a c u r e  t i m e  g r e a t e r  t h a n  t h e  two 
t o  f o u r  m i n u t e s  p r o v i d e d ;  t h e r e f o r e ,  t h e  i n c o m p l e t e  c u r e  even- 
t u a l l y  p r o d u c e d  a leak .  A n  i d e n t i c a l  t e s t  p e r f o r m e d  on t e s t  spe- 
c i m e n  No, 1 p r o d u c e d  v e r y  similar r e s u l t s ,  e x c e p t  t h a t  t h e  leak 
w a s  e v i d e n t  at 100 ps ig .  A s u m m a r y  of t h e  t e s t s  p e r f o r m e d  with 
h o t  w a t e r  is g i v e n  i n  T a b l e  V-5. 

T a b l e  V-5  High  T e m p e r a t u r e  Tes . t s  

CONDITIONS 

Specimen No. 2 - Normal s e a l i n g  proce- 
dure - wet su r f ace  temp, = 135OF, 
Water temp, = 1 4 5 O ~ ,  5 min, ea.  @ 50, 
100, 150 p s i g ,  Cure Time < 5 min. 

18 hrs .  - t ap  water  @ 150 p s i g  

N 2  @ 150 p s i g  

specimen No, 3 - Prel iminary wrap of 
s e l f -vu lcan iz ing  t ape ,  then normal 
s e a l i n g  procedure; wet su r f ace  temp, = 
140°F, water  temp. = 145 '~ ;  Cure Time 
< 5 min, 

5  min, @ 50 p s i g  
5 mine @ 100 p s i g  

Specimen No, 1 - Sea l ing  procedure 
i d e n t i c a l  t o  Specimen No, 3 ;  Wet Sur- 
f a c e  & Water Temp, .= 135 '~ ;  Cure Time 
< 5 min. 

5 min. @ 50 ps fg  

RESULTS 
- 

No leak  

No l eak  

No l eak  

No l eak  
No leak  - l eak  ev ident  
a f t e r  15 sec ,  @ 150 psi@ 

No l eak  a t  50 p s i g  - 
l eak  s t a r t e d  FmmedFateLy 
upon a p p l i c a t i o n  of L O O  



3 .  L o w T e m p e r a t u r e  T e s t  

An analogous g roup  of t e s t s  was  pe r fo rmed ,  a t  z e r o  
s y s t e m  p r e s s u r e ,  in which the t e s t  spec imen  was  placed in a n  
ice  ba th  t o  lower  i t s  t e m p e r a t u r e  to  3 2 O ~ .  Af ter  the sealing 
p rocedure  was  completed the  t e s t  component  w a s  rep laced  in  
the bath  t o  e n s u r e  that  cur ing took place n e a r  3 2 O ~ .  P r e s s u r e  
tes t ing w a s  accomplished with t ap  w a t e r  with the spec imen  in 
amb ien t  air. 

T e s t  spec imen  No. 1, the seven- inch s t ra igh t  sect ion,  
w a s  s ea l ed  according t o  the no rma l  p rocedure  with a c u r e  t ime  
of 27 minutes.  No leaks  w e r e  evident  a f t e r  f ive-minute dwells  
a t  50, 100 and 150 psig. With the p r e s s u r e  maintained a t  150 
psig ,  the t ape  l a y e r s  w e r e  par t i a l ly  cut  away and a mas s ive  
l eak  w a s  evident  be fore  the cut  in the  tape  p rog re s sed  t o  the 
notch in the tube. The t e s t  was  repea ted  excep t  tha t  the c u ~ e  
t ime  w a s  l imi ted  t o  15 minutes .  The f ive-minute  dwells  a t  50  
and 100 psig w e r e  success fu l ly  completed,  but a slow leak was  
vis ib le  a f t e r  40 seconds  a t  150 psig. This  es tabl ished that  a 
c u r e  t ime  on the o r d e r  of 25 minutes  i s  r equ i r ed  f o r  a n  effec-  
t ive s e a l  a t  3 2 ' ~ .  

The n o r m a l  seal ing p rocedure  was  a l s o  followed on test 
spec imen  No,  2 and a c u r e  t i m e  of 3 0 minutes  was  al lowed, 
This  t e s t  sec t ion  succe s s fu l l y  completed the five -minute t e s t s  
a t  50, 100 and 150 ps ig  without leaking and the long-duration 
t e s t  w a s  then conducted. Sta t ic  w a t e r  p r e s s u r e  was  or ig inal ly  
150 psig,  but a f t e r  18 hours ,  the p r e s s u r e  was  123 psig and a 
minute l eak  was  vis ib le  a t  one end of the  tape  wrap .  

The valve was  a l s o  t e s t ed  a f t e r  a  c u r e  of over  19 hours  
at a t e m p e r a t u r e  of 3 2 ' ~ .  The s ea l an t  used was  g r ade  A V V ,  
An immedia te  l eak  w a s  evident  a s  soon a s  p r e s s u r e  was  in- 
c r e a s e d  t o  50 ps ig ,  and  it appea red  tha t  no s e a l  of any na tu re  
was  accornplblshed. When the valve was  examined and the stem 
removed ,  the  locti te  along the t h r eads  was  in liquid f o r m ,  imdi- 
cat ing tha t  c u r e  had not t aken  place.  It is not c e r t a i n  whe ther  
a n  inadequate tape  w r a p  o r  the cold t e m p e r a t u r e  prevented 
cu re .  



.A s u m m a r y  of t h e  co ld  w a t e r  t e s t s  p e r f o r m e d  i s  given 
i n  T a b l e  V-6.  

T a b l e  V-6  Cold  T e m p e r a t u r e  T e s t s  

Repeat above, except  Cure = 15 Min. 
5 Mine @ 50 p s i g  
5 Mine @ 100 p s i g  

CONDITIONS 
I 

Specimen No. 1 - Cure Time = 27 Min. 
5 Min. @ 50 p s i g  
5 Min. @ 100 p s i g  
5 Min, @ 150 p s i g  

Tape Gut Away 

Specimen No. 2 - Cure Time = 30 Min. 
5 Min. @ 50 p s i g  
5 Mln. @ 100 p s i g  
5 Min. @ 150 p s i g  

18 h r s ,  @ 150 p s i g  - Water 

RESULTS 

No l eak  
No l eak  
No leak  
Leak v e r i f i e d  @ 150 p s i g  

Valve - Grade AW s e a l a n t  - Cure 
Time = 19 h r s .  18 min. 

50 p s i g  

No l eak  
No l eak  
Leak a f t e r  40 see.  @ 
150 p s i g  

No l eak  
No leak  
No Leak 
P = 123 p s i g  a f t e r  18 
h r s , ,  very  small  l eak  
v i s i b l e  (x 8-10 drops/  
h r . )  

Immediate Large leak  
L o c t i t e  remained l i q u i d -  
no cure  

4, D i s t i l l e d  W a t e r  T e s t s  

A f o u r t h  s e r i e s  of t e s t s  w a s  conduc ted  w i t h  d i s t i l l e d  
w a t e r  at r o o m  t e m p e r a t u r e  w i t h  z e r o  l i n e  p r e s s u r e  d u r i n g  
sea l ing .  T h i s  s e r i e s  of t e s t s  was conduc ted  b e c a u s e  d i s t i l l e d  
w a t e r  is known t o  b e  a n  e x t r e m e l y  e f f e c t i v e  s o l v e n t  f o r  many 
t y p e s  of a d h e s i v e s .  It shou ld  b e  noted ,  s i i i ce  s e v e r a l  t e s t  speci- 
m e n s  w e r e  used  irl, m a n y  o r  all of t h e  t e s t  s e r i e s ,  t h a t  each  t e s t  

s e c t i o n  waB t h o r o u g h l y  c l e a n e d  b e f o r e  a n e w  s e r i e s  of t e s t s  \eras 

b e g u n  a n d  t h e  p r e s e n c e  of a l e a k  w a s  v e r i f i e d  i n  e a c h  c a s e ,  
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T e s t  spec imen  No. 2 w a s  s ea l ed  according t o  no rma l  
p rocedure  wi th  a c u r e  t ime  of 15 minutes  a t  r o o m  temperatezse 
(75OF). The t h r ee - s t age  l e ak  check was  success fu l ly  completed,  

A ten-minute  c u r e  t i m e  was  al lowed f o r  t e s t  spec imen  
No. 3 preceeding the f ive-minute t e s t s  a t  50, 100 and 150 ps ig ,  
which w e r e  completed wi th  no evidence of a leak.  A f ive-minute 
t e s t  with nitrogen ga s  a t  150 psig was  a l s o  conducted and no leaks 
w e r e  visible when the t e s t  sec t ion  was  i m m e r s e d  in a wa t e r  bath 
f o r  the  t e s t ,  

A s e a l  w a s  a l s o  a t t empted  on the  valve ,  using dis t i l led  
w a t e r ,  but  a n  immedia te ,  g e n e r a l  l eak  was  obvious when p r e s s u r e  
w a s  i nc r ea sed  t o  50 psig,  C u r e  t i m e  w a s  four  hours .  

T e s t  ~ p e c i m e n  No. 1 w a s  s ea l ed  in the usua l  m a n n e r  and 
al lowed a c u r e  t i m e  of s even  minutes ,  No leaks  w e r e  vis ib le  
a f t e r  f ive minutes  at 50 and 100 ps ig ,  but  a m a s s i v e  l e ak  occu r r ed  
immedia te ly  when p r e s s u r e  w a s  i nc r ea sed  t o  150 psig. The tape 
w a s  removed  and a new s e a l  applied a t  z e r o  p r e s s u r e  and  a cure 
t i m e  of t e n  minu tes  w a s  allowed. T e s t s  at 50, 100 and 150 psig 
wi th  dis t i l led  wa t e r ,  and a t  150 psig with ni t rogen g a s  wi th  f ive 
minute  dwells  at e a c h  p r e s s u r e ,  w e r e  completed with no l eaks  
visible.  The long-duration t e s t ,  18 hours  with in i t ia l  line p r e s  - 
s u r e  at 150 ps lg ,  r evea l ed  a s l ight  leak.  The p r e s s u r e  at the  
end of the t e ~ t  w a s  127 ps ig ,  This  s e r i e s  of t e s t s  indicates  the 
impor t ance  of allowing adequate  c u r e  t i m e ;  a th ree -minu te  in-  
c r e a s e  in  cwpe t i m e  significantly enhanced the  seal ing capabi l i ty  
of the Loct i te  and t ape  wraps .  

A s u m m a r y  af the  t e s t s  pe r fo rmed  with dis t i l led  w a t e r  
is given in  Table V-'7. 



Table V-7  D i s t i l l e d  W a t e r  T e s t s  

I G ONDITIONS I RESULTS 

Specimen N o .  2 - Cure Time = 15 min. I 
5 Min. @ 50 p s i g  
5 Min. @ 100 p s i g  
5 Min. @ 150 p s i g  

N o  l e aks  
N o  l e a k s  
N o  l e aks  

Specimen N o .  3 - Cure Time = 10 min. I 
5 Min. @ 50 p s i g  
5 Min. @ 100 p s i g  
5 Min. @ 150 p s i g  
N 2  @ 150 p s i g  - 5 min, 

Valve - Cure Time = 4 h r s .  

N o  lealcs 
N o  l e aks  
N o  l e aks  
N o  l e aks  

I 50 p s i g  1 Immediate Leak 

Specimen N o .  1 - Cure Time = 7 min. 

5 Min. @ 50 p s i g  N o  l e ak  
5 Min. @ 100 p s i g  N o  l e ak  
150 p s i g  Immediate, Massive l e a k  

Specimen N o .  1 - Resea l ,  Cure Time = 
10 min, 

5 Min. @ 50 p s i g  
5 Min. @ 100 p s i g  
5 Min. @ 150 p s i g  
N @ 150 p s i g  - 5 min. 
18 h r s .  @ 150 p s i g  - d i s t i l l e d  

water  

N o  l e aks  
No l eaks  
N o  l e aks  
N o  l e aks  
P = 127 p s i g  a f t e r  18 
hr s .  5 min,,  s l i g h t  leak 
v i s i b l e  



5. S y s t e m P r e s s u r e  T e s t s  

The m o s t  difficult condition under which a s e a l  can  be 
a t tempted occu r s  when the s y s t e m  i s  p r e s su r i zed .  In th is  e a se  
the fitting o r  valve i s  leaking at the t i m e  the  p r i m e r ,  locti te 
and tape wraps  a r e  applied. In e s s e n c e ,  no c u r e  t ime  a t  all 
i s  provided,  S e v e r a l  t e s t s  w e r e  conducted t o  es tab l i sh  if  an  
effective s e a l  could b e  accomplished under such  conditions. 

Because i t  was  d e s i r e d  that  the leaks  on which a s e a l  
would be a t t empted  be  manageable  ones ,  tha t  i s ,  dripping leaks  
and not spur t ing s t r e a m s  under pyessure ,  t e s t  spec imens  No. 
1 and  3 and  the. valve w e r e  not used in t he se  t e s t s .  The leaks  
induced in those  f i t t ings w e r e  v e r y  l a rge  and,  when p re s su r i zed ,  
emi t ted  a cantinuous s t r e a m  of wate r .  The leaks  in t e s t  spec i -  
men  No. 2 and a newly p repa red  spec imen  No. 4 w e r e  s m a l l  
enough t o  allow seal ing t o  b e  a t tempted under p r e s s u r e .  Tes t  
spec imen  No, 4 was, composed of two s h o r t  sect ions  of tubing 
connected by a union fitting. The f l a r ed  end of one of the  s e e -  
t ions of tubing was  notched on the  s ide  t o  be placed aga ins t  the 
union, thus producirzg a n  adequate l eak  ( s ee  Table V-2). 

Over  a dozen t e s t s  w e r e  pe r fo rmed  a t  p r e s s u r e s  ranging 
f r o m  50 to  1%0 psig. Var ious  techniques w e r e  used in a n  a t t empt  
t o  define the l imi t ing c r i t e r i a  fo r  l e ak  seal ing under p r e s supe ,  
It  became obvious v e r y  quickly that  unless  t he  l eak  r a t e  was  v e r y  
slow, a s e a l  could not b e  obtained. The dripping wa te r  tended 
t o  c a r r y  away the liquid s ea l an t  before  the self-vulcanizing a n d  
teflon tape w r a p s  could be  applied. Even when the  self-vulcani-  
zing tape was  quickly wrapped around the  fitting the continually 
dripping wa te r  evidently fo rced  t he  sea lan t  away f r o m  the fit"cing, 
spreading it out along the  i n t e r i o r  of the  tape.  The continually 
wet  sur face  might  a l s o  have prevented the  p r i m e r  f r o m  drying 
proper ly .  



In one of the init ial  t e s t s ,  specimen No. 2 was sea led  
according t o  the normal  procedure  with a s ta t ic  line p r e s s u r e  
of 150 psig. The original  leak was v e r y  s?ow (5-10 drops/ l iou~*) ,  
Af te r  the sealing procedure  was  completeb the p r e s s u r e  was 
maintained a t  150 psig f o r  five minutes with no leaks  evident, 
Because of the slow or iginal  leak r a t e ,  however, the s e a l  was 
not conclusive. The tape was  then removzd and the t e s t  spec i -  
men  thoroughly cleaned and placed back in the line to  be r e -  
sealed,  The new leak r a t e  a t  150 psig was  much higher than t h e  
previous ra te ,  on the o rde r  of 10 d rops /min .  The leak continued 
during sealing and a f te r  sealing was complete,  a t  near  the orig- 
ina l  ra te .  These t e s t s  indicate the importance of leak r a t e  a s  
a l imiting c r i t e r i a ,  

Tes t  spec imen No. 4 was  sea led  a t  a p r e s s u r e  of 125 
psig,  and when the tape wrapping was  c o n ~ p l e t e ,  the p r e s s u r e  
was  i nc reased  t o  150 psig. The or iginal  l eak  r a t e  was a p p ~ o x i -  
rnately 1 drop/minute .  After  17 minutes  a t  150 psig, the leak 
was  visible a t  the su r f ace  of the  tape.  When the tape was r e -  
moved and the  fitting taken apa r t ,  i t  was  s e e n  that  much of the 
sea lan t  had remained in liquid f o r m ;  this  Indicated that  a cola?- 
plete c u r e  had not taken place. 

The above t e s t  was  repeated two m o r e  t i m e s  and the 
r e su l t s  we re  s i m i l a r ,  In one c a s e  the leak  propagated to the 
sur face  of the tape w r a p  one minute a f t e r  the sealing procedure  
was  complete ;  in  the other instance the leak  surfaced a f t e r  la 
minutes  . 

Since t h e r e  was  a n  ave rage  delay of a lmos t  ten minutes 
between the t ime  the sealing procedure  was  completed and the 
t ime  the  leak was again visible a t  the tape sur face ,  i t  was  theo- 
r i zed  that  a double wrapping procedure  might provide an effec -- 
tive seal .  After  the  f i r s t  l aye r  of teflon tape was applied, its 
su r f ace  was sprayed  with p r i m e r ,  locti te sea lan t  was  applied, 
and a second w r a p  of self-vulcanizing and teflon tape was placed 
over  the f i r s t .  It was  hoped that  the loct i te  between tape l aye r s  
would have sufficient t ime t o  c u r e  before  the leak  propagated 
pas t  the  f i r s t  w r a p  of teflon tape.  Of cour-se, i t  was  questioriable 
whether  even cured  l sc t i t e  could provide a n  effective s e a l  be- 
tween two l a y e r s  of tape on such a n  i r r e g u l a r  sur face ,  



Seve ra l  t e s t s  w e r e  per formed t o  evaluate th is  proposed 
procedure .  A line p r e s s u r e  of 125 psig was  applied t o  t e s t  speci- 
m e n  No. 4 during sealing. It was  noted that  the second layer  o f  

self-vulcanizing tape did not adhere  wel l  t o  the loctite-wetted 
teflon tape,  Some degree  of difficulty was experienced in t rying 
t o  pull the self-vulcanizing tape tight around the f i r s t  tape w r a p  
s ince  it continually slipped on the teflon tape.  The second sea l -  
ing p roces s  was accomplished,  however,  and the p r e s s u r e  was 
increased  t o  150 psig. Thi r teen  minutes  l a t e r  the  leak had made 
i t s  way to  the  su r f ace  of the second tape layer .  With the p r e s s u r e  
maintained a t  150 psig,  a th i rd  sealing p roces s  was applied over 
the f i r s t  two. Twenty-six minutes a f t e r  th is  th i rd  layer  was 
complete,  the leak w a s  again evident a t  the surface.  This s e r i e s  
of t e s t s  indicated that  multiple tape l aye r s  we re  not sufficient 
to  provide a n  effective s ea l ,  a t  l e a s t  not a t  the  line pressu-res 
which w e r e  maintained. 

To  es tab l i sh  the effect  of line p r e s s u r e  on the overal l  
seal ing technique, a group of t e s t s  was per formed a t  lower 
p r e s s u r e s  during sealing.  Specimen No. 4, thoroughly cleaned 
and with a s law init ial  leak ra te ,  was subjected t o  50 psig during 
a double sealing procedure ,  This  p r e s s u r e  was maintained for  
one hour a f t e r  the second w r a p  of teflon tape was  applied, and 
a t  the end of that  hour  no evidence of the leak was  visible,  The 
long-duration p r e s s u r e  t e s t  w a s  begun immediate ly  with a n  Ini- 
t i a l  p r e s s u r e  of 50 psig. After  a lmos t  19 hours ,  the line p r e s -  
s u r e  was  48 psig and the s e a l  remained  intact. All  the tape was 
then cut  away f r o m  the fitting and the line was r ep re s su r i zed  t o  
50 psig f o r  five minutes.  In th is  t e s t  and in subsequent tes ta  st 
100 and 150 psig f o r  five minutes each,  the fitting showed no evi-  
dence of a leak. When the fitting was taken a p a r t  immediate ly  
a f t e r  test ing,  loctita in  solid (cured)  f o r m  was  observed along 
the th reads  of the union fitting and connecting nut, thus pro-  
viding the seal .  



When a s i m i l a r  s e r i e s  of t e s t s  was  per formed  a t  the 
s a m e  p r e s s u r e s  but  with a l a r g e r  in i t ia l  l eak  ra te ,  a complete 
s e a l  was  never  accomplished,  With up to  t h r ee  complete  wrap -  
ping p roces se s  applied, the l e ak  r a t e  was  reduced t o  one-fourth 
i t s  or iginal  value ( f rom 1 d r o p  e v e r y  25 seconds to  1 d rop  e v e r y  
95 seconds,  f o r  example) ,  but  was  neve r  complete ly  stopped, 
The re  was a 15 to  25 minute de lay  between the  t ime  the tape 
wrapping w a s  complete  and the  reappearance  of the  leak. W h e n  
the tape was  removed f r o m  the fitting, the leak r a t e  was  s lower  
but s t i l l  v e r y  c lose  t o  the  or iginal  r a t e ,  

These  t e s t s  s eemed  t o  es tab l i sh  s e v e r a l  important  
points,  Both l eak  r a t e  and s y s t e m  p r e s s u r e  a r e  vi ta l  f ac to rs  
in  determining whether  o r  not a n  a t tempted s e a l  wil l  be s u c c e s s -  
ful. At  low leak r a t e s  (1 d r o p  e v e r y  s e v e r a l  minutes)  and low 
s y s t e m  p r e s s u r e s  (50 ps ig) ,  a success fu l  s e a l  i s  feas ible .  i?,t 
h igher  l e ak  r a t e s  and p r e s s u r e s ,  effective s e a l s  w e r e  not ach i -  
eved. The repeatabi l i ty  of the  r e su l t s  was  not conclusive1y 
es tabl ished,  but feas ibi l i ty  was  demonstra ted.  A s u m m a r y  of 
the t e s t s  per formed  with a p r e s su r i zed  s y s t e m  during sealing 
i s  deta i led i n  Table V-8. 

6 ,  Valve Repa i r  Tes t s  

A complete ly  effective s e a l  was  accomplished on the 
valve. The t e s t s  w e r e  conducted with all su r f ace s  d r y  and &he 
s y s t e m  p r e s s u r e  a t  z e r o  psig. Norrnal  seal ing procedure  was 
followed using the locti te g r ade  AVV sea lan t  and a c u r e  t ime  
of four  hours  and fo r ty  minutes  was  allowed a t  room t empera -  
tu re .  The valve then successful ly  completed five-minute t e s t s  
with t a p  w a t e r  a t  50, 100 and  150 psig. The long-duration t e s t  
w a s  a l s o  a s u c c e s s ;  a f t e r  18 hours  the  p r e s s u r e  was  s t i l l  a t  
150 psig and no leaks  we re  visible.  Finally,  the valve did not 
r evea l  any leaks  when the  s y s t e m  w a s  p r e s su r i zed  with nitrogen 
gas  a t  150 psig fo r  five minutes ,  



Table V - 8  S y s t e m  P r e s s u ~ e  T e s t s  

C O N D I T I O N S  I R E S U L T S  

Specimen No, 2  - Repeat  above w i t h  Cont inuous  l e a k  
l a r g e r  (X 60) i n i t i a l  l e a k  r a t e .  

Specimen No. 4 - Very slow i n i t i a l  Leak e v i d e n t  a f t e r  17  min. 
l e a k  r a l e  - s e a l  @ 125 p s i g ,  i n c r e a s e  
p r e s s u r e  t o  150 p s i g  a f t e r  r e p a i r  was 
completed.  

I Specimen No. 4 - Repeat  above t e s t .  Leak a f t e r  1 min @ 150 p s i g  I 
I Specimen No. $ - Repeat  above t e s t .  / Leak a f t e r  11 min @ 150 p s i g  

Specimen No, 4 = Double t a p e  p r o c e s s  Leak e v i d e n t  a f t e r  13 min. 
-ing p r o c e d u r e  performed,  
t h e n  r e p e a t e d  o v e r  f i r s t  l a y e r )  
125 p s i g  d u r i n g  t a p i n g ,  150 p s i g  
a£  t e r  r e p a i r  complete.  

T h i r d  t a p e  layer  a p p l i e d  over  e x i s t -  Leak v i s i b l e  26 min. a f t e r  
i n g  l e a k  and r a p e ,  m a i n t a t n  150 p s i g ,  t h i r d  l a y e r  complete  

Specimen No, 4 -. Double t a p i n g  - No l e a k  v i s i b l e  1 h r ,  a f t e r  
m a i n t a i n  50 p g i g  d u r i n g  and a f t e r  r e p a i r  complete  
r e p a i r .  

Long d u r a t i ~ n  t e s t  - SO p s i g  P = 48 p s i g  a f t e r  1 8  b r s ,  
39 rnin - no l e a k  e v i d e n t  

Tape cut away - 5  min @ 50 p s i g  
5  min @ 100 p s i g  
5 min @ 150 p s i g  

No l e a k  
No l e a k  
No l e a k  

Specimen N o ,  4 - Leak r a t e  i n i t i a l l y  Leak r a t e  slowed t o  1 d r o p /  
a t  1 d r o p / 2 5  aec. ,  50 p s i g  main ta ined-  35 s e c .  
f i r s t  s e a l  p r o c e s s  performed. 

Second t a p i n g  a p p l i e d  - 50 p s i g  Leak e v i d e n t  a f t e r  25 m i n ,  
l e a k  r a t e  = 1 drop/min 

T h i r d  t a p i n g  - 50 p s i g  Leak e v i d e n t  a f t e r  20 min ,  
l e a k  r a t e  = 1 d r o p / 9 5  s e c I  

I T a p e c u t a w a y - 5 0 p s i g  I Leak r a t e  @ 1 d r o p l 4 0  sec. 

Specimen No, 4 - Two wraps a p p l i e d  Leak v i s i b l e  a f t e r  15  min, 
@ 50 p s i g .  l e a k  r a t e  @ 1 drop /2 ,25  

mtn, 

Tape c u t  away Leak r a t e  @ 1 drop /55  see, 



This  total  s u c c e s s  a f t e r  seven  s epa ra t e  fa i lu res  apt ly  
points out the  deg ree  of difficulty involved in sealing th is  pa r t i -  
c u l a r  valve leak.  All  of the f ac to r s  which could be controlled 
had t o  be favorable  before  a s e a l  was  obtained. The valve w a s  
dry ,  unpressur ized  and a t  r o o m  t empera tu r e ,  and a long cuye 
t ime  of over  four  hours  was  provided. The fac tor  which c o u l d  
not be controlled,  the mass ive  induced leak,  was  the ma jo r  
fac tor  working aga ins t  a success fu l  r epa i r .  A s r r ~ a l l e r  leak,  
it i s  thought, would have len t  itself t o  r e p a i r  much m o r e  readi ly ,  
Never the less ,  it was  proven that  the techniques employed w e r e  
sufficient  in at least one c a s e  t o  accompl i sh  a s e a l  under the 
conditions specified. Feasibi l i ty ,  not repeatabil i ty,  was  d e n ~ o n -  
s t ra ted .  

7. Tank Repa i r  T e s t s  

At  the  conclusion of the l eak  r e p a i r  p rog ram,  a s e r i e s  
of t e s t s  w a s  per formed  t o  de te rmine  if s m a l l  leaks  in wa te r  
tanks ,  tha t  is, leaks  in su r f ace s  with re la t ively  l a rge  rad i i  of 
cu rva tu re ,  could b e  effectively s ea l ed  using the  s a m e  techni-  
ques  and m a t e r i a l s  that  w e r e  used on the  other  t e s t  spec imens ,  
A w a t e r  tank w a s  s imula ted  in  the t e s t  appara tus  b y  attaching 
a th in  (1/8") a luminum shee t  t o  a n  eight-inch d i ame te r  flange, 
s e e  Table V-2. A leak  was  produced by machining a s m a l l  
hole (. 010" t o  . 015" in d i ame te r )  in  the cen t e r  of the a luminum 
sheet .  The tank was  f i l led with w a t e r  and p re s su r i zed  when 
n e c e s s a r y  through fi t t ings in the  flange. 

It was  immedia te ly  evident that  the  or iginal  induced 
leak was  much too l a rge  f o r  meaningful test ing.  Even when 
s y s t e m  p r e s s u r e  was  ze ro ,  the  s l ight  (< 0.20 ps i )  hydrosta t ic  
head of the  w a t e r  in  the tank produced a s teady  t r i ck le  of wa t e r  
through the  hole. Never theless ,  two a t t empts  w e r e  made t o  
s e a l  the  l eak  with a loct i te- tape patch a t  z e r o  s y s t e m  p r e s s u r e .  
Both a t t empts  w e r e  unsuccessful .  



The aluminum plate was manually peened in the a r e a  of 
the leak in  a n  a t tempt  t o  reduce the hole s i ze ,  This was accom-  
plished with the r e su l t  tha t  a t  a systelm p r e s s u r e  of 50  psig, the 
leak was v e r y  slow but s t i l l  d iscernible .  

Seve ra l  problelzls which w e r e  not p resen t  when sealing 
leaks  in  fittings o r  components became important  when the tank 
s e a l  was  tpied. It was  v e r y  difficult t o  ensu re  that  a l l  a i r  was 
forced  f r o m  the vicinity of the leak. The p r e s s u r e  that  could 
be applied by hand was var iable .  Much of the liquid sea lan t  
w a s  squeezed f r o m  beneath the patch when the a i r  was forced  
out. The tendency f o r  the  sea lan t  t o  flow down along the tank 
wal l  would not be  a s  g r e a t  in  the z e r o  grav i ty  of a Space Station, 
but hand p r a a s u r e  would s t i l l  f o r ce  liquid out f r o m  beneath the 
patch. A tight tape wrap ,  a s  could be applied by winding the 
tape around a tube o r  fitting, was vir tual ly  impossible  t o  obtain 
on the f la t  tank surface.  The normal  procedure  had been t o  
s t r e t c h  the taflon tape a s  i t  was  wound around the tube o r  fitting 
s o  that  it would tend to  t ighten down on the fitting. When the 
teflon tape was  s t re tched  before  it was  applied t o  the tank, i t  
eventually pulled i tself  f r e e  f r o m  the wall.  Since i ts  purpose 
was s imply  ta hold the  patch in  place,  the teflon tape was 
applied with as littla tension a s  possible in  l a t e r  a t tempts .  

FOUP at tempts  w e r e  made to  s e a l  the tank leak while 
s y s t e m  pra86jures Q£ f r o m  50 t o  145 psig were  maintained. None 
of the a t tempts  t o  s e a l  a tank under p r e s s u r e  were  successful ,  
nor was  t h e r e  any evidence of a dec rease  in the leak ra te .  The 
sealing p r o a ~ d u r e  was  sl ightly di f ferent  in each  a t tempt;  f o r  
ins tance,  g m d e  AA sea lan t  was  used in t h r ee  a t tempts  and 
g rade  AVV i n  the  other  at tempt.  The gene ra l  procedure  of 
applying psclirner, sealant ,  and tape was followed, however. 



In subsequent  a t t empts ,  the  s y s t e m  p r e s s u r e  was  main-  
ta ined a t  z e r o  psig while the  patch was  applied,  and a c u r e  time 
of 20 t o  3 0  minutes  was  allowed before  p r e s s u r e  was  applied,,  A 

pa tch  of self-vulcanizing tape ,  vacuum sea l an t  and g rade  AA 
sea l an t  w a s  appl ied  t o  the  p r i m e d  su r f ace  and the lower  edge of 
the patch w a s  taped in  p lace  with teflon tape  under v e r y  s l ight  
tension.  The upper  por t ion of the  patch w a s  peeled back and 
s e v e r a l  m o r e  d rops  of s ea l an t  w e r e  applied a round  the  l eak  be - 
f o r e  the  patch w a s  f inally covered  wi th  teflon tape.  A cu re  time 
of 22 minu tes  w a s  al lowed; and 20 minutes  e a c h  a t  p r e s s u r e s  of 
50, 100 and 150 ps ig  revea led  no detectable  leak. A s y s t e m  
p r e s s u r e  of 150 psig was  applied f o r  a to ta l  of 19 hou r s ,  and at 
the  end of that  t ime ,  s y s t e m  p r e s s u r e  w a s  still at 150 psig a l -  
though some  w a t e r  w a s  vis ib le  a t  one s ide  of the patch. When  
the  patch w a s  removed,  the  tank su r f ace  was  wet  and the l eak  
still appea red  t o  be  p r e sen t  s ince  w a t e r  d rop le t s  w e r e  evident  
at the or ig inal  leak posit ion dur ing 15 minu tes  of observat ion,  
The t e s t  was  continued f o r  t h r e e  hours  and 40 minutes  a t  a 
p r e s s u r e  of 150 psig with no f u r t h e r  evidence of a leak,  nor  did 
n i t rogen ga s  at 15 0 ps ig  produce any  detectable  leak.  

S e v e r a l  quest ions  a r i s e  as a r e s u l t  of the w a t e r  being 
p r e s e n t  under  the patch when it w a s  removed ,  and because  
s e v e r a l  d rop le t s  of w a t e r  w e r e  observed  emerg ing  f r o m  the 
l eak  posit ion immedia te ly  a f t e rward .  It i s  poss ible  that  the 
seal ing p r o c e s s  w a s  complete  only a f t e r  s o m e  w a t e r  had leaked 
f r o m  the tank and that  th i s  w a t e r  did not evapora te  quickly be- 
cause  of the p r e sence  of the  patch. The w a t e r  d rop le t s  s een  at 
the or ig inal  l eak  posit ion could have been t rapped  in the wal l  
during the seal ing p r o c e s s  and then e m e r g e d  only when the patch 
w a s  removed.  It is significant  tha t  only two o r  t h r e e  d rop le t s  
w e r e  observed  emerg ing  and  no addit ional  w a t e r  w a s  visible 
in the r e m a i n d e r  of the  3 hour  40 minute t e s t .  



Another s e r i e s  of t e s t s  was  conducted on a second "tank 
l e a k t t  and, although t h e r e  s eemed  t o  be a significant d e c r e a s e  
in  l eak  r a t e ,  a complete s e a l  was  not at tained.  It i s  concluded, 
a f t e r  e leven s e p a r a t e  t e s t s  on two different  tanks ,  that  the 
m a t e r i a l s  and techniques used a r e  v e r y  c lose  t o  being sufficient 
t o  obtain s ea l s  in  tank leaks .  Never theless ,  a s  in the ca se  of 
f i t t ings under p r e s s u r e ,  the number  of success fu l  s e a l s  at tained 
was  not sufficient t o  justify a high degree  of confidence in obtain- 
ing a s e a l  in  any  one specif ic  case .  It does not s e e m  feas ible  
that  success6ul s e a l s  c an  be  accomplished in tanks which a r e  
p r e s su r i zed  during application of the patch. This  conclusion is  
based on the difficulties observed in seal ing a t  z e r o  p r e s s u r e  
and on the b a s i s  of the  four  unsuccessful  a t t empts  made a t  
va r ious  p r e s s u r e s .  

L E A K  R E P A I R  T E S T  C O N C L U S I O N S  

The falllowing conclusions can  be  d rawn f r o m  the  t e s t s  
conducted on leak r e p a i r s  using the techniques and ma te r i a l s  
chosen:  

1) The p rocedu re s  t o  be followed a r e  v e r y  s imple  and 
can be accomplished by a n  inexperienced person.  

I 

2 )  Effactive s e a l s  can  be  obtained on tubing and fi t t ings 
when r epa i r ed  at z e r o  s y s t e m  p r e s s u r e ,  Succes s -  
ful  t e s t s  w e r e  conducted with both t ap  and dist i l led 
w a t e r  in  the l ine,  a t  t e m p e r a t u r e s  ranging f r o m  33 "I? 
t o  1 4 5 O ~ .  These  s e a l s  c an  withstand p r e s s u r e s  up 
t o  150 psig f o r  a t  l e a s t  18 hours .  

3 )  Curs t ime  of the  locti te sea lan t  i s  a function of 
t empe ra tu r e  a s  follows: 

25  min  @ 3 3 ' ~  Note: su r f ace  p r imed  with 
15 min  @ 75 OF MIL-S-22473Cl p r i m e r ,  
5 rnln @ 1 3 5 ' ~  Grade  "T", 



4) Sealing under p r e s s u r e  i s  feas ible  only under very 
favorable conditions; low leak r a t e s  a n d / o r  low s ys - 
tern p r e s s u r e s  (low leak  r a t e s  a r e  defined a s  being 
ba re ly  discernible  under ca sua l  observat ion;  low 
p r e s s u r e  i s  equal  t o  o r  l e s s  than 100 psig).  Repeat-  
abi l i ty  of seal ing under p r e s s u r e  was  not e s t ab l i s l~ed ,  

5) The l a rge  l eak  (. 015" gap)  in the  valve was  v e r y  d i f f i -  
cult  to  sea l .  One a t t empt  in  seven  was  successful.,  

6 )  Tank r e p a i r s  under p r e s s u r e  w e r e  not achieved,  

7 )  Tank s e a l s  a t  z e r o  p r e s s u r e  m a y  be possible in 
s o m e  c a s e s  where  the or iginal  leak r a t e  i s  v e r y  
slow and the  s y s t e m  p r e s s u r e s  which subsequently 
m a y  ex i s t  a r e  re la t ively  low (<I00 psig).  

8 )  Additional tes t ing on fittings under p r e s s u r e  and  on 
tank leaks  m a y  r e v e a l  adequate techniques using the 
s a m e  m a t e r i a l s  which c a n  provide success fu l  s e a l s ,  



VI. I N F L I G H T  M A I N T E N A N C E  SIMULATION T E S T  P A N E L  

A s imulat ion t e s t  panel  was  constructed,  a s  pa r t  of the 
cont rac t  requ i rements ,  t o  be used f o r  the purposes  of test ing 
var ious  e lements  of the tool  kit,  the  OWS stowage locker  mock- 
up, the leak r e p a i r  kit,  and the  fluid r emova l  tool. The t e s t s  
wi l l  be per formed  by NASA,  a f t e r  the  conclusion of th is  con- 
t r a c t ,  in a KC-135 a i r c r a f t  to  s imulate  a z e ro -g  environment.  
The ma jo r  t a sks  t o  be  pe r fo rmed  during these  t e s t s  a r e :  

1) F lu id  removal  in  z e r o  gravi ty;  

2 )  Fluid  component removal ;  

3 )  Flu id  component rep lacement ;  

4 )  Fluid  f i l l  and bleed;  

5 )  Leak r e p a i r  of tubes and fi t t ings;  

6 )  Evaluation of tool  usage on the f a s t ene r  t a s k  panel; 

7 )  Evaluation of su r f ace  tension effects  in  zero-g; 

8 )  Human pe r fo rmance  in ze ro-g  while performing 
maintenance t a sks ;  

9 )  A n  evaluation of the  design,  human fac tor  a spec t s ,  
and application of the tool  kit,  tool  kit contents,  
the fluid removal  pump, and the  leak s e a l  r e p a i r  
k i t ,  



A schemat ic  of the  t e s t  panel  i s  shown in F igu re  VI-1, 
and a photograph of the  panel  i s  shown in F igure  VI-2. The 
fluid s y s t e m  will  contain t a p  w a t e r  and wil l  be p r e s su r i zed  t o  
75 psig. The p r e s su r i zed  s y s t e m  will  be used t o  leak check 
the s y s t e m  a f t e r  a leak r e p a i r  o r  component rep lacement ,  and 
t o  supply wate r  to  the r ema inde r  of the fluid sys tem.  The 
f a s t ene r  t a s k  panel  contains s e v e r a l  f a s t ene r s  designed t o  test  
human per formance  in ze ro-g ,  t o  evaluate tool  operation,  a n d  
fo r  a n  evaluation of common f a s t ene r  design in a ze ro-g  environ- 
ment. 

F igu re  VI-1 Simulation Tes t  Pane l  Schemat ic  



VI- 3 



The wa te r  s to rage  tank i s  a two-gallon bladder-type 
tank that  has  a one-gallon w a t e r  capacity.  When initially p r e s  - 
sur ized ,  the tank p r e s s u r e  i s  75 psig,  which depletes t o  35 psig 
when the  one gallon of wa t e r  i s  expended. A vo lume-pressure  
cal ibra t ion cu rve  del ivered with the t e s t  panel  can be used t o  
moni to r  the wa te r  volume remaining in  the tank. The nitrogen 
p r e s s u r e  gage i s  used a s  the indicator.  The tank may  be p r e s  - 
su r i zed  wi th  e i t he r  nitrogen o r  a i r  through the p ressur iza t ion  
loading por t ,  The s y s t e m  has  a rel ief  valve s e t  a t  80 psig t o  
prevent  s y s t e m  ove r -p re s su re .  

The fluid s y s t e m  maintenance t e s t  sect ion cons i s t s  of 
1/4-inch tube,  va r ious  f i t t ings,  and a fluid component. This 
t e s t  sect ion l a  used t o  t e s t  the fluid r emova l  tool, and t o  evalu-  
a t e  human peag~formance and tools during t he  removal  and r e -  
p lacement  of a fluid component a t  z e ro -g  conditions. Cer ta in  
e lements  of the fluid r emova l  tool  cannot be t e s t ed  in a one 
grav i ty  e n v i ~ o n m e n t ,  and r e q u i r e s  ze ro-g  fo r  the  evaluation, 
These  i t ems  a r e  fluid behavior  in zero-g, the  efficiency of the  
phase s e p a r a t o r  s c r e e n ,  and  fluid r echa rge  and bleed of the  
s  ys t em.  

The leak  repzzir sect ion i s  fabr ica ted  f r o m  1/4-inch 
s t a in l e s s  s t e e l  tubing and has ex t r a  spool p ieces  with buil t- in 
leaks .  The leaks  a r a  induced a t  the fitting f l a r e s ,  fluid f i t t ings,  
and in the middle of the  tube length. During the ze ro-g  t e s t s ,  
the t e s t  subject  wi l l  Instal l  the t e s t  spool, open the  shut-off 
valve which wi l l  ini t iate the  leak,  and then proceed to  r e p a i r  
the l eak  with the  leak s e a l  r e p a i r  kit. Seve ra l  mechanical  
 manipulation^ wil l  a l s o  be t es ted  during the operation. 

The su r f ace  tension t e s t s  wi l l  be used to evaluate the 
su r f ace  tension effects of a fluid (wate r )  within the boundary 
conditions of a tube a t  ze ro-g  conditions, Of par t i cu la r  in - 
t e r e s t  wi l l  be a n  evaluation of the acce l e r a t i ons  incur red  during 
the  removal  and rep lacement  of a fluid filled tube in zero-g. 
The objective sf the  t e s t  i s  to  de te rmine  i f  su r f ace  tension 
f o r c e s  a r e  sufficient  t o  contain a fluid within a Lube s y s t e m  
while a component o r  tube sec t ion  i s  being removed  f r o m  the  
sy s t em.  A success fu l  t e s t  h e r e  would indicate that non-toxic 



fluid may  not have to  be removed f r o m  a s y s t e m  p r io r  to  main-  
tenance operations.  This  could pave the  way fo r  a v e r y  s imple  
method of fluid containment that  ut i l izes the  effects of a zeyo- 
grav i ty  environment .  

The su r f ace  tension t e s t  cons i s t s  02 t h r e e  tubes;  l / 4 ,  
3 /8 ,  and l / 2  inch in  d iamete r .  The 112-inch tube i s  exact ly  
twelve inches long and i s  a t e s t  of the  m a x i m u m  head p r e s s u r e  
that  theore t ica l ly  can be contained at low-gravity in a 1/2-inch 
tube. Each  tube wi l l  be removed and held in both the l a t e r a l  
and t r a n s v e r s e  a t t i tudes ,  and then wi l l  be acce l e r a t ed  until tile 
fluid d rops  out of the tube. Normal  acce le ra t ions  incur red  
during removal  and rep lacement  wi l l  a l s o  be evaluated.  

The f a s t ene r  t a s k  panel  wi l l  be used t o  t e s t  human p e r -  
fo rmance ,  pe rmi s s ib l e  torque leve l s ,  tool  application,  r e s  - 
t r a in t s ,  and the design and application of common f a s t ene r s  
in  a z e ro -g  environment.  

The t a s k  panel  contains s c r e w s  and bol ts  that  range i n  
s i z e  f r o m  a 10-32 s c r e w  to  a 7116-inch bolt. The f a s t ene r  heads 
include hexagon heads ,  a l l en  socke t  head c a p  s c r e w s ,  f i l l i s t e r  
s c r e w  d r i v e r  heads ,  phillips head s c r e w s ,  and bi-torque no, 1 
sc r ews .  The s i z e ,  location,  and tool  tha t  wi l l  be used on each  
f a s t ene r  i s  shown in Table VI-1. Each  f a s t ene r  vill be torqued 
t o  a p r e s e t  value p r i o r  t o  the  KC-135 t e s t  t o  evaluate both a s -  
t ronaut  body r e s t r a i n t s  and the effects of human per formance  
a t  d i f ferent  torque levels .  After  r emova l  and r e  - instal lat ion,  
a to rque  wrench  wi l l  be used t o  evaluate the  application of 
torque.  

A h a m m e r  is used t o  d r ive  in  r o l l  p ins ;  and the b r a s s  
punch i s  used t o  a l ign a plate p r i o r  t o  at taching the plate to  the 
t a s k  panel. The e l ec t r i c a l  connector  wi l l  be removed by hand 
f i r s t ,  and then with the  e l ec t r i c a l  connector  p l i e r s ,  Dexter i ty  
and a l ignment  sk i l l s  wil l  be evaluated .when reconnecting the 
connector.  The e l ec t r i c a l  leads  wi l l  be  s t r ipped  and connected,  
using the e l e c t r i c a l  w i r e  and connectors  contained in  the tool  
kit. 



Table VI-1 Fastener T a s k  Panel 

Fastener 
Identification Description Tool Used 

Hammer and Punch 

1/4-28 Hex Head 

112 Flare Nut Wrench 
Hi-Torque !I1 Socket 
118 Allen Socket 

Head 
9/16 Deep Socket 

7/16-20 Hex Head 
Electrical Connector 

Alignment 
Plate 



In addi t ion  t o  the  evaluat ion  of m a n u a l  s k i l l s ,  a n  eva lu -  
a t ion  wi l l  be  made  on the  amount  of t r a i n i n g  r e q u i r e d  t o  use  the 
tool  ki t ,  f luid r e m o v a l  tool ,  e t c .  A m i n i m u m  amount  of t r a in ing  
and  equipment  o r i en ta t ion  wi l l  p r e c e d e  the  t e s t s  and the  t e s t  
s u b j e c t  wi l l  be  evaluated  on h i s  r e t en t ion  capabil i ty.  

B e s i d e s  the  t e c h n i c a l  and p r o c e d u r a l  a s p e c t s  of th i s  
t e s t ,  the  p r i m a r y  objec t ives  a r e  t o  eva lua te  the  des ign  and  
h u m a n  f a c t o r  cons ide ra t ions  of the  tool  kit ,  sponge r u b b e r  t o o l  
r e t en t ion  s y s t e m ,  de ten t  ac tuat ion ,  too l  nomenc la tu re ,  tool  
c a r r i e r ,  s p a r e s  t r a n s l a t i o n  con ta ine r ,  e t c .  

The  d a t a  obtained from t h e s e  t e s t s  wi l l  b e  d i rec t ly  app l l -  
cab le  t o  the  Skylab  Tool  Kit a n d  schedu led  maintenance  t a s k s ,  
and  wi l l  s e r v e  t o  b r o a d e n  t h e  b a s e  of da ta  r e q u i r e s  f o r  f u t u ~ e  
long -dura t ion  manned  m i s s  ions. 
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